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Delivery dates and costs—two fields 
for co-operation 


HE healthy development of chemical engineering 

in Britain depends to a considerable extent on 
co-operation between the two main industrial groups 
it mostly concerns—the chemical and process industries 
on the one hand and the chemical plant manufacturers 
on the other. The fact that chemical engineering 
forms a strong link between these two groups is 
a major reason why there have been plenty of examples 
of co-operation on technical and academical matters; 
the recent decision of the Association of British 
Chemical Manufacturers and the British Chemical 
Plant Manufacturers’ Association to join in the 
sponsorship of certain chemical engineering research 
projects in the universities is excellent proof of these 
industries’ awareness of their mutual needs. 

However, when it comes to the commercial and 
practical aspects of chemical plant design and manu- 
facture, it is evident that co-operation between the 
two sides falls short of the ideal. A case in point is 
chemical plant prices. To anyone who attended the 
recent London symposium on chemical engineering 
economics, reported on in this issue, it was evident 
that, while chemical manufacturers and plant suppliers 
are capable of helping each other with the broader 
problems of costing, there is altogether too much time 
wasted when it comes to assessing the actual order of 
cost for a chemical project. The situation could be 
much improved if reliable cost data could be made 
regularly available; this would make possible more 
accurate pre-design estimates for chemical plant while 
plant manufacturers would be saved the trouble of 
preparing numerous quotations which are only needed 
for estimating purposes. Chemical companies could 
help themselves, too, by doing away with the unneces- 
sary secrecy that surrounds some of their cost estimat- 
ing statistics; much of the data from the records of 
past projects could be shared with other companies, 
or published for the benefit of all, without fear of 
revealing vital secrets. CHEMICAL & PROCESS ENGINEER- 
ING, which publishes indices of chemical plant costs 
regularly each month, and from time to time includes 
articles and commentaries on cost estimating, is always 
glad to consider contributions of this sort. 

A subject that seems to be even more a thorn in the 
side of the chemical and chemical plant industries at 
present is that of delivery dates, and at the annual 
dinner of the British Chemical Plant Manufacturers’ 
Association, held in London recently, some 700 
members and guests heard the views of both Mr. 
H. W. Fender, chairman of the Association, and Sir 
Miles Thomas, chairman of Monsanto Chemicals Ltd. 
Mr. Fender pointed out that, ever since the war, an 
attitude of mind has developed throughout British 
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industry which has led to delivery dates not being 
treated as sacred; there were always plenty of other 
people to blame. As a result the customer, to protect 
himself, developed a habit of asking for earlier deliveries 
than he needed. Mr. Fender urged that the customer 
asks for the delivery he really needs, while the supplier 
should offer only what he knows he can maintain. 
Nor should the plant manufacturer be given a difficult 
delivery date because of a delay in finalising designs. 
Suppliers and users of chemical plant, Mr. Fender said, 
should solve these problems on a basis of mutual trust. 

In his speech as chief guest, Sir Miles Thomas, 
who was well known as chairman of British Overseas 
Airways Corporation until taking over the chairmanship 
of Monsanto Chemicals in 1956, pointed to the 
Comet IV aircraft as an instance of on-time delivery 
and said that just as B.O.A.C. had to have this aircraft 
on schedule and to specification if the maximum advan- 
tage was to be obtained from it, so it is with the 
chemical manufacturer who has ordered new plant. 
All his production estimates, his market assessments 
and his price calculations are based on the assumption 
that equipment ordered will be delivered on agreed 
dates and that it will work at planned efficiency with 
the minimum delay. Delivery dates should be sacro- 
sanct and the time of delivery should be regarded as 
an intrinsic element of quality and of workmanship. 
He said that delivery of plant has improved consider- 
ably over the last year and it was to be hoped that this 
improvement was not due solely to a falling off in the 
demand for raw materials or to a lesser degree of 
pressure on fabricators. 


Chemical engineering in Israel 


N the underdeveloped countries the acquisition of 

engineering skills, as well as being helped along by 
technical aid and the setting up of training establish- 
ments, is perhaps given an even more positive emphasis 
through the activities of big companies which set up 
manufacturing operations there. In Israel, for instance, 
there is the big Haifa firm of Fertilisers & Chemicals 
Ltd., which, as one example of its progress, was 
recently able to announce that it had sold a French 
company the engineering knowhow for a dicalcium 
phosphate plant to be set up in Belgium. Part of the 
equipment for the project will be made in Israel. 

The same company’s engineering staff have recently 
been engaged on the construction of a spherical con- 
tainer of over 12 m. diameter to hold 1,000 cu.m. of 
liquid ammonia. This steel globe weighs 84 tons 
without its supporting structure and is made of 24 
steel plates, 18.5 mm. thick. The steel sphere will be 
insulated by a 150-mm. layer of cork against contrac- 
tion and expansion resulting from the difference in 
day and night temperatures. 





More and more synthetic rubber 


HE new British synthetic rubber plant which we 
describe in an article this month and the {15- 
million plant recently brought into production in 
Western Germany illustrate the determination of 
European countries to follow the American lead in 
setting up rubber plants to utilise some of the products 
of oil refineries. Other countries following the new 
trend include Italy, the Netherlands and France, and 
it is estimated that by 1960 Western Europe will be 
producing some 300,000 tons of synthetic rubber. 
With other installations in Canada, the U.S.A. and 
the Far East, it is expected, according to the Petroleum 
Information Bureau in London, that free world 
capacity for producing synthetic rubber should 
approach 2} million tons p.a. by the end of the present 
decade. This estimate falls into perspective if it is 
recalled that, last year, world usage of rubber was 
1.9 million tons of the natural product and a further 
1.2 million tons of synthetic. 


Air dilution in sulphuric acid plant 


IR dilution has been used successfully for nine 

years to improve conversion at a contact sulphuric 
plant at Oldbury, Lancs., and provides an example 
which may well be of use to other plants faced with 
similar problems. An I.C.I. hot-gas brimstone- 
burning plant erected in pre-war days, it has been 
able to meet air pollution requirements and achieve 
a margin of safety, approaching very closely to the 
requirements for a post-war four-stage plant whilst 
being still, basically, a two-stage unit with only 
relatively inexpensive modifications. 

This two-converter unit at the end of the war 
found itself working at its rated capacity of 50 tons 
of monohydrate a day, but during the next four years 
demand increased until the blower was flat out and 
the only way to get greater output was to increase the 
gas strength. This was done gradually until the plant 
was working on a substantial overload. Conversion 
fell and the acidity of the exhaust rose until it attracted 
pointed comment from the Alkali Works Inspector. 
The economic limit was at hand, too. If the extra 
sulphur loss over the whole of the output is debited 
against the relatively small increase in acid made, the 
limit is reached sooner than a casual examination of 
the cost sheets suggests. Something had to be done. 

So Mr. W. N. Hackett and Dr. R. W. Riding 
explained at a meeting of the Fertiliser Society on 
October 30, and they went on to describe the various 
expedients that were examined. Addition of a third 
converter proved impracticable and so they turned to 
interstage dilution, deciding eventually to divert cold, 
dry air from the drying towers to the dilution point 
and to let the initial SO, concentration ride up to 8 to 
10°, with a consequent increase in burner temperature. 

Addition of cold air between the two layers of 
catalyst in the first converter improved the conversion 
efficiency at constant load and the improved first 
mass conversion was followed by an improvement in 
overall plant conversion. Introduction of cold dilution 
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air between the layers of the second converter gave 
only a marginal improvement in overall conversion 
when the first mass conversion was 80°, or more. 
With 77 to 80% the improvement was measurable at 
0.1 to 0.2%; with a lower first conversion the advantage 
could be expected to be greater. 

While air dilution may not be the best solution for 
all such plants and some will already be able to achieve 
a margin of safety, there may be some cases similar to 
this where air dilution may provide just that extra 
little bit of conversion efficiency necessary to get the 
plant out of difficulty and remove the strain of working 
without a safety margin. 


Instruments of progress 


EMARKABLE though the contributions of 

instruments and measuring devices have been to 
the general progress of technology, there are still 
some vital problems to be tackled if further progress 
is not to be held up. Thus, as operating instrumenta- 
tion systems develop more and more into an intricate 
maze of interdependent components the problem of 
estimating systems’ life-expectancy and _ reliability 
becomes extremely difficult. This is a special problem, 
for the performance of any one component becomes 
in a sense a function of almost every other component. 
Without the development of a rational basis for 
evaluating this intendependency, the whole future of 
instrumentation may be restricted. 

Attention is drawn to this problem by Mr. A. V. 
Astin, director of America’s National Bureau of 
Standards, who at a recent meeting of the American 
Society for Testing Materials* cited some areas of 
critical scientific need for which instrumentation is 
still inadequate. High-pressure research, for instance, 
is a field which presents exciting possibilities for 
producing new forms of matter, but the obstacles to 
efficient progress are those of physical standards, 
techniques of measurement, and instrumentation. 
These are urgently needed at the research stage in 
advance of the development of engineering data on 
the properties of materials at these new pressures. 
Despite improvements in pressure-measuring and 
pressure-producing devices there is a need for further 
attention to both mechanical and electrical features of 
high-pressure instrumentation. 

High temperature is another field for which research 
scientists are lacking in standards, instruments, 
measurement techniques and materials data which 
better instruments would make possible. Advances 
in high-speed flight, high-energy propulsion systems, 
ballistic missiles, atomic reactors and power plants, 
and a major industrial shift to high-temperature 
production, have brought overwhelming requirements 
for new basic data, new heat-resistant materials and 
new types of instruments and measurement techniques 
which can operate at temperatures well above 1,000°C. 
According to Mr. Astin, the lack of measurement 
techniques and devices is proving to be one of the 
severest deterrents to laboratory and field experiments. 


*A.S.T.M. Bulletin, 1958 (232), 7-11. 
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Computer aids plant design 


T is now possible to solve start-up and operating 

problems of a chemical plant before the plant is 
built by means of an analogue computer. The 
efficacy of this new aid for the chemical engineer 
(the second of our series of articles on analogue com- 
puters appears in this issue) was demonstrated on 
the £25 million hydrogen peroxide plant which 
Laporte Chemicals Ltd. have just started up at their 
Baronet Works, Warrington. The plant and process 
are completely new. Hydrogen peroxide is made by a 
cyclic process involving the autoxidation of 2-ethyl 
anthraquinol yielding 2-ethyl anthraquinone and H,0O,. 
The anthraquinone is then catalytically hydrogenated 
to the anthraquinol which is fed back into the process 
and recycled. The process is both more productive 
and more economical than the electrolytic process of 
hydrogen peroxide manufacture and will substantially 
increase Laporte’s output, enabling them to meet the 
large military demands for H,O, for use as an oxidant 
in rocket fuels and also the growing industrial demands 
for such uses as the manufacture of oxygenated com- 
pounds for detergent manufacture. 

The plant is controlled from a central control panel 
which is some 22 ft. long, the plant itself including 
surge tanks, reaction vessels and a 24-plate extraction 
column (for separating hydrogen peroxide from the 
solution of 2-ethyl anthraquinone) in a closed system 
with seven subsidiary loops. The major vessels are 
probably the largest which have ever been fabricated 
in aluminium and include some up to 80 ft. high and 
12 ft. in diameter. We shall be publishing more 
details of the plant and process in our next issue. 

The analogue computer project was a joint venture 
between Laporte’s engineers and the computer experts 
of E.M.I. Electronics. The information required from 
the computer study included: (1) confirmation that the 
capacities of the various vessels would be sufficient 
for all expected major flow changes (including start-up 
and shut-down conditions); (2) the determination of 
optimum control settings of the automatic controllers ; 
(3) confirmation that no interaction, which might 
cause sustained hunting, would occur between various 
vessels and controllers in the plant; (4) determination 
of any points of particular sensitivity to oscillatory 
disturbances. 


Models for flow studies 


UCCESSFUL use of two- and three-dimensional 

models has been made by the British Coal Utilisa- 
tion Research Association for studying flow processes 
in combustion or gasification equipment. To obtain 
a two-dimensional picture of the gas flow pattern 
through, say, a boiler, a sectional drawing is covered 
with a plate of Perspex and the essential flow channels 
are picked out in Perspex strip, placed on edge and 
cemented to the base plate with a solution of Perspex 
in chloroform. Parts of the equipment through which 
there is no flow are blacked out with paint. The 
model is placed on a glass table evenly illuminated 
from beneath. Water is introduced into the model 
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where, on the full-scale, the gases or air would enter 
the plant and is removed where the gases would 
normally leave. The flow of the water is controlled 
by its rate of supply, and the level in the model by an 
adjustable weir placed at the outlet. The flow pattern 
is traced out by sprinkling a powder—e.g. Bakelite, 
70 mesh—on the water surface. 

With a two-dimensional model of this kind it is 
a simple matter to try the effect of baffles, different 
modes of air admission and other modifications 
intended to secure the desired results. The method 
of trial and error can be extremely quick in giving 
a practical solution to a flow problem. 

In some instances the flow of gases in an appliance 
cannot be considered as being even approximately 
two-dimensional, and in these cases a more elaborate 
technique has to be employed. A three-dimensional 
transparent model is used, and a section of the model 
is illuminated to show the movement of tracers. 
Again, water is used as the fluid medium, and the 
model is mounted in a tank and completely submerged 
in water. This reduces the distortion due to reflection 
from the curved surfaces, and avoids condensation 
troubles. A rig employed in the B.C.U.R.A. has 
been used successfully as an aid to the development 
of the small slagging cyclone combustor at Leatherhead. 


Reactor for kinetic studies 


N experimental reactor which uses a recirculation 

technique has been used in the United States for 
studying the kinetics of a typical rapid reaction, the 
catalytic hydrogenation of propylene. It is claimed 
that a recirculation differential reactor eliminates many 
of the experimental difficulties of determining rate 
data for highly exothermic or endothermic reactions 
occurring at rapid rates. By proper design of the 
reactor, temperature gradients in the catalyst section 
can be maintained within acceptable limits. High 
gas velocities in the reactor prevent interfering mass- 
transfer effects. Owing to the small conversion per 
pass, gas compositions within the reactor are more 
uniform than those encountered in ordinary differential 
reactors. Not all reactions, however, may lend 
themselves to treatment in this type of equipment, as 
admixture of products to the feed may promote 
secondary reactions. 

The reactor, discussed by T. K. Perkins and 
H. F. Rase in A.J.Ch.E. Journal, 1958, 4 (3), 351-355, 
consists of four separate tubes which can be used 
either individually or in parallel. In the experiments 
described, catalyst pellets were placed in one of the 
tubes, the other three being blocked with stainless-steel 
plugs. The tubes were attached to a floating head at 
the bottom to prevent excessive strain at high tem- 
perature during reduction of the catalyst, and the 
outside of the water jacket was wrapped with electrical 
resistance wire for heating the reactor during the 
reduction period. The complete reactor was sur- 
rounded with 2-in.-thick magnesia insulation. The 
equipment also included a specially constructed four- 
cylinder diaphragm pump for gas recirculation. 
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Chemical engineering laboratories 

OW should laboratories for the teaching of 

chemical engineering be equipped ? It is nearly 
ten years since the Institution of Chemical Engineers 
published a pamphlet on this subject and the 
appearance of a new one® is to be welcomed, embracing 
as it does the considerable experience that has been 
gained during a period in which the number of full- 
time chemical engineering courses in Britain has 
more than doubled. 

It is recommended that three types of laboratories 
should be provided: a chemical laboratory, a physical 
laboratory and a ‘plant’ laboratory housing the 
engineering equipment. Storage and workshop 
facilities and accommodation for demonstrators, for 
writing up laboratory notes and for storing drawings 
are also needed. The pamphlet lays down suitable 
dimensions for these laboratories and notes that 
typical good accommodation figures for teaching 
chemical engineering to first-degree level vary from 
100 to 150 sq. ft. per student with a minimum of 
3,000 sq. ft. 

A suggested list of equipment for permanent 
assembly in the chemical laboratory is given, this 
equipment being required both for teaching in the 
earlier stages of a chemical engineering course and 
for evaluating the performance of some items of 
equipment in the plant laboratory. Turning to the 
physical laboratory, it is explained that the function 
of this laboratory is to give the student experience of 
various methods of measuring variables associated with 
industrial process work, and to provide means of 
calibrating process plant instruments. 

The plant laboratory provides a home for equipment 
designed to demonstrate the principles of mass and 
energy transfer and to illustrate the more common 
unit operations. A major part of the pamphlet is 
devoted to equipment for this laboratory including 
units for studying the flow of liquids, gases and heat; 
evaporation; distillation; solvent extraction; drying 
of solids; gas absorption; filtration; classification and 
concentration of solids; and solids handling including 
size reduction, mixing and conveying. 

To use all this equipment and apparatus to the best 
advantage it is necessary to maintain a reasonable 
workshop and laboratory staff. For the small depart- 
ment a reasonable allocation would be one workshop 
technician and one laboratory steward, while larger 
departments will of course require several such staff 
together with a storekeeper and laboratory assistants. 





* Notes on Laboratories for the Teaching of Chemical En- 
gineering,’ Institution of Chemical Engineers, 16 Belgrave Square, 
London, S.W.1. 
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Evaporation pioneers 

ITH two articles on evaporation appearing in 

this issue, it seems appropriate to recall some of 
the pioneering efforts of the Kestner Evaporator & 
Engineering Co. Ltd. in this field, conveniently 
recorded in the company’s handsomely produced, 
illustrated book commemorating the Kestner golden 
jubilee. In a foreword, Mr. J. Arthur Reavell, founder 
and chairman, explains the beginnings of the company 
and his early association with Paul Kestner, the French 
inventor of the climbing-film evaporator. It was a 
most difficult task to put over the idea of the long, 
vertical, tubular evaporator to industries wedded to 
the vacuum pan-type unit with either steam coils or 
short bundles of tubes only a few feet long. Prejudice 
had been fostered by unsuccessful attempts to launch 
long-tube horizontal evaporators with the liquor 
inside the tubes and steam outside, or vice versa. 
To the argument that the fault lay in the lengthy tube, 
Mr. Reavell countered to the effect that it was impos- 
sible to give equal feed to a number of horizontal 
tubes and equal liquid distribution over the surfaces. 
He not only proved this point with his first plant but 
also proved another prophecy: that the velocity of 
the climbing film inside the tube would be so high 
that the consequent time of contact with the heated 
surface of the tube would permit the most delicate of 
liquors, such as fruit juices, to be evaporated without 
loss of vitamin. 

The company speedily learnt to elaborate on the 
original invention, and the climbing film was followed 
by the falling film, the perfection of vacuum and 
pressure techniques, and horizontal evaporators. Not 
that the company’s activities were confined solely to 
evaporators, even in those early days, for it soon 
developed a satisfactory sale of acid elevators and fans 
for acid gases, and also supplied complete plants for 
glue, gelatine and tan extracts. Another interesting 
point recalled by Mr. Reavell is that, among the 
handicaps of the early years, not the least was the 
restricted nature of the available materials of con- 
struction: they amounted to cast and wrought iron, 
mild steel, lead, copper, tin and wood. Few of the 
metals could be supplied to analyses such as are 
demanded today. There was no aluminium, stainless 
steel, the alloys that are known and used today, or 
inert resins. The techniques of welding were scarcely 
in their infancy. 

The Kestner book, before going on to discuss the 
company’s activities in numerous other fields such as 
drying, acid-resisting materials, high-temperature pro- 
cess heating, etc., includes a short chapter on evapora- 
tion which not only traces the technical development 
of Kestner’s original design and the way it has been 
adapted to solve industrial chemical and other prob- 
lems, but also touches on such nostalgic topics as 
Golden Syrup, produced with the aid of Kestner 
evaporators, filled into the familiar green-and-gold tins 
and spread by loving mothers and nannies upon 
nursery bread and butter. The history of this well- 
known chemical engineering company is indeed 
a colourful one. 
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SUBMERGED EVAPORATION 


and its application to fish stickwater recovery 


By G. A. Carpenter, B.Sc., Dip.Chem.Eng., A.M.I.Chem.E. 


(Association of Fish Meal Manufacturers) 


This article briefly reviews the scope and historical development of submerged evaporation and 
discusses its application to the recovery of fish stickwater. Details of experiments connected with 


LTHOUGH submerged evapora- 

tion is a process that is frequently 
omitted from chemical engineering 
textbooks, it has, nevertheless, become 
an established industrial method for 
evaporating liquids.'~" In terms of 
classical chemical engineering, it can 
be called a unit process. 

It is desirable to define submerged 
evaporation and, to do this, it is 
necessary to review what may be 
called ‘direct’ evaporators. By 
analogy with a well-established con- 
vention in the classification of driers,'* 
a ‘direct’ evaporator is one which 
utilises hot gases in direct contact with 
liquid, and an ‘ indirect’ evaporator 
one which accomplishes evaporation 
by transferring heat through a separat- 
ing wall. Radiant evaporation is a 
third type which is not considered 
here. 

Direct evaporators can be divided 
into four main types: 

(a) The Porrion evaporator, used 
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this novel application are given. 


exclusively in the paper industry. 
Rotating discs dip into the liquid 
and hot gases pass over the film 
of liquid formed on the discs. 

(6) The Gaillard tower, used for 
concentrating sulphuric acid.'* 
Hot gases pass up a tower and 
meet descending liquid in a 
similar manner to a gas absorp- 
tion tower. 

(c) Evaporators in which hot gases 
are blown into the liquid being 
evaporated. 

(d) Evaporators in which hot gases 
are generated by means of sub- 
merged combustion beneath the 
surface of the liquid being 
evaporated. 

Only cases (c) and (d) are sub- 

merged evaporation, and only case (d) 
involves submerged combustion. 


Historical development 


The first example of the industrial 
use of submerged evaporation is the 


¢ HODUDEL EL ADEUOVEODEOEDENUADEDEOUEDEOEODAUES ED AUOUEOAAUEDEOUUOEGUOLAGENEOUAUEOG EG COEOAGOOEOAU EU EOUE EU EA TUE EA EEA 


RUBBER 4 FL w METE 


BAFFLES T PROMOTE ECONDARY 


RAPID RULATION AIR BLOWER 


Arrangement of submerged evaporator used for experiments on stickwater. 
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Kessler acid concentrator in 1891" 
in which hot gas was blown into dilute 
sulphuric acid. The drum acid con- 
centrator was similar.'* 

Experiments involving submerged 
combustion were started by Collier 
four years ealier!’ and development 
continued until 1901'*-!* when Smet- 
hurst first applied the process to 
chemicals as distinct from pure water. 
Further developments!’~** arrived at 
the first really satisfactory submerged 
burner designed by Brunler in 1923.8 

Details of this early work are dealt 
with very adequately elsewhere.*4~*° 

Brunler was more concerned in 
1923 with using his submerged burner 
for generating steam than for evapo- 
rating chemicals, and his submerged- 
combustion boiler is described in 
detail.” °°. 2°. 39 =This boiler, how- 
ever, appears never to have been used 
commercially, presumably because the 
steam produced was mixed with air 
and combustion products and there- 
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fore of limited use. It was, indeed, 
advocated that the steam-gas mixture 
could be used in a non-condensing 
engine,*'~*3 but the low efficiencies 
of those engines would be a serious 
drawback.*® ** Steam heavily polluted 
with air is certainly of little use for 
process work. In spite of this serious 
disadvantage, the submerged-com- 
bustion boiler possessed a very high 
thermal efficiency, and the savings in 
weight and bulk compared with a con- 
ventional boiler, due to the absence of 
tubes for heat transfer, were enormous. 

About 1925, a highly refined burner 
was invented by Hammond” .?5.30,34—38 
to ensure complete, safe and accurately 
controlled combustion. In order to 
avoid contact between the hot gases 
and liquid being evaporated, a special 
modification in the form of a circulat- 
ing metal bath was also developed. 
This made possible the generation of 
pure steam and concentration of caus- 
tic soda,** but was not developed 
commercially. 

Between 1923 and 1930, much 
speculation existed as to the possi- 
bilities of submerged evaporation. 
Claims were made that the process 
could be used for the concentration of 
phosphoric and hydrochloric acids, 
and ammonium chloride, of zinc 
chloride, sulphate pulp and sewage 
sludge,”* for ore reduction and oil 
cracking,** and heating of dye vats.’ 
Several of these claims were eventually 
justified commercially. 

By 1931, Hammond’s burner was 
applied to the concentration of phos- 
phoric acid*® and this application is 
now an established process.°;’ The 
evaporation of sulphite pulp (which 
has a serious frothing tendency) in the 
paper industry on a pilot scale is 
described in great detail.*°: “! Also at 
about the same time the Elmore pro- 
cess for evaporating a mixture of brine 
and hydrochloric acid was developed 
in Britain by Swindin using Smith’s 
burner.’ 

In 1935, the American Ozark pro- 
cess was developed for the dehydration 
of sodium sulphate’ and the Ozark 
burner was later applied to citrus 
waste.°: © 

More recently in America, sub- 
merged evaporation has been used for 
magnesium chloride, aluminium sul- 
phate,‘ potassium chloride and cal- 
cium chloride,® for recarbonating city 
water,’ evaporating sea-water to give 
sea salt® and several other processes.'° 

In Britain, the development of sub- 
merged evaporation in the chemical 
industry was due largely to Swindin. 
It has found its main use for the 
recovery of spent pickle liquors in the 
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steel and associated industries.”: *:!!. 4° 
Other uses mentioned are for zinc 
chloride,’ phosphoric acid, trisodium 
phosphate and sodium tungstate." 


Technical aspects of 
submerged evaporation 

The following are the main prin- 
ciples that had to be discovered by 
the pioneers of submerged evaporation 
and combustion.”: %° 

(1) Accurate metering of air and fuel 
(usually gas) in the correct ratio. 

(2) Adequate mixing of the air and 
fuel. 

(3) Maintenance of fuel and air 
velocities greater than that of 
flame propagation to prevent 
blow-back. 

(4) Maintenance of a hot refractory 
in the burner to keep the latter 
alight and ensure complete com- 
bustion. 

(5) Invention of an easy method of 
lighting the burner. 

(6) Use of an air lift around the 
burner to cool the latter and 
maintain circulation. 

(7) Discovery of suitable infusible 
refractories for the burner lining. 

It is probable that nearly all the 
applications hitherto described use 
gaseous fuel of some kind. Reference 
is made to the possible use of pul- 
verised coal,?® but no account can be 
found of its actual use. The present 
tendency in Britain is to use heavy oil 
in place of gas, due either to the un- 
availability or high price of gas. Oil 
fuel necessitates a larger type of burner 
(for the same heat release) in order to 
ensure complete combustion,’ although 
recent developments have produced 
burners of very high combustion inten- 
sity. A small furnace is situated 
above the point where the hot gases 
enter the liquid, so that actual com- 
bustion of the oil takes place in the 
furnace above the liquid, and hot 
gases only enter the liquid. Under 
these circumstances, combustion is not 
actually submerged and the process can 
only be termed submerged evaporation. 

Because air or gases have to be 
blown into the liquid, a reasonably 
powerful compressor or blower is 
necessary. With gaseous fuels, it is 
safest to compress the fuel and air 
separately before mixing. With fuel 
oil, air only is involved in the com- 
pression. In calculating overall evapo- 
ration efficiencies, account must be 
taken of the energy involved in com- 
pressing the gas or air. 

A very interesting development is 
the use of a ‘pre-evaporator’ de- 
scribed by Swindin.? The effluent 
gases and vapour from the evaporator 


are passed through a special heat ex- 
changer at a velocity of 200 ft./sec. 
The cold feed liquor is also passed 
through the heat exchanger along with 
a current of cold air, resulting in con- 
siderable evaporation at a low tem- 
perature. It is claimed that the high 
velocity of the air and vapours enables 
an O.H.T.C. of 150 B.Th.U./sq.ft. 
hr./°F. to be obtained. 

It should be noted that it is in- 
evitable that all submerged evaporators 
use a high heat potential for an opera- 
tion that normally requires a low one. 


Advantages and disadvantages 


To appreciate the special fields in 
which submerged evaporation has 
found a place, it is desirable to sum- 
marise its advantages and disadvant- 
ages relative to conventional steam- 
heated evaporators. Its advantages are 
as follows. 

(1) Most important is that no wall- 
heating surface is involved. All heat 
is transferred directly from hot gases 
to the liquid. This implies several 
things: 

(a) Heating surfaces of heat-con- 
ducting metal do not exist, and 
the entire evaporator can 
be made corrosion-resistant by 
means of rubber, glass or enamel 
lining or by stoneware construc- 
tion, the insulating properties of 
these latter materials being of no 
consequence. 

(6) The use of large quantities 
of corrosion-resistant metal is 
avoided and capital cost is low. 

(c) No heating surface exists upon 
which scale can build up, and 
the process is therefore suited 
for scale-forming substances, e.g. 
those whose solubility decreases 
with rising temperature. 

(2) No steam boiler is required. 
This implies smaller capital cost and 
a saving in fuel efficiency. 

(3) Liquids which froth or foam 
(usually colloids) can be evaporated 
with less difficulty. 

(4) The temperature of evaporation 
is reduced to about 186°F. 

(5) Viscous liquids can be evapo- 
rated without difficulty due to the 
absence of heating tubes and the 
intense agitation produced by the hot 
gases. 

The disadvantages of submerged 
evaporation are as follows: 

(1) Coal cannot be used as fuel. 

(2) The steam multiple-effect prin- 
ciple can be used only to a limited 
extent and then to provide only 
‘ double-effect ’ evaporation.’ 

(3) Contamination of the liquid 
being evaporated by combustion gases 
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Submerged evaporator identical to that used for tests described. 


precludes its use for some very pure 
substances or substances such as 
caustic soda which would react with 
carbon dioxide, apart from the novel 
process using hydrogen as fuel.!° 


Application to fish stickwater 
recovery 

This is a recent development and 
probably the only example of the use 
of submerged evaporation for evapo- 
rating a liquid of organic origin. In 
the reduction of oily fish for fish meal 
and oil,’ ~*° an aqueous liquor termed 
stickwater is obtained containing 7 to 
10°,, total solids, mostly soluble 
protein. 

Originally, stickwater was a waste 
product, but was recovered by evapo- 
ration as early as 1939 in America*’ to 
give ‘ fish solubles.’ In recent years, 
the industries in Norway, Britain and 


South Africa have widely adopted re- 
covery of stickwater using multiple- 
effect evaporators and disposing of the 
solubles by mixing with press-cake and 
drying the mixture to give what is 
termed ‘ whole meal.’ Generally, the 
value of the solids recovered is greater 
than the cost of recovery even for the 
short and erratic seasons encountered 
in the industry. Nevertheless, the 
total of working hours per year can 
be so small that the first cost of the 
evaporator may become as important 
as economy of operation. Scale for- 
mation presents a serious problem in 
steam evaporators operating on stick- 
water. A submerged evaporator with 
its low first cost thus has two distinct 
advantages. Two possible disadvant- 
ages which have yet to be assessed are 
the production of some nuisance odours 
and some darkening of the product. 
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Experimental 

A trial was run on a submerged 
evaporator operating on stickwater. 
The plant was fitted with a Swindin 
burner with a heat release of 4 million 
B.Th.U./hr. (combustion intensity, 
1 million B.Th.U./hr./cu.ft.) and an 
evaporation capacity of 2 tons/hr. of 
water. Fuel used was 200 sec. residue 
oil. 

Steady conditions were maintained 
for 12 hr., and the following quantities 
measured every half-hour: 

(1) Flow rates: 

(a) Stickwater feed by an orifice box 

(previously calibrated). Due to 
a high content of suspended 
solids in the stickwater, the 
extreme simplicity of this flow 
meter was an advantage. 

(6) Solubles produced by running 
into a weighed container for 12 
min. 

(c) Air flow rates (primary and 
secondary air to burner) by 
orifice plates and water gauges. 

(d) Fuel consumption by an inte- 
grating oil meter. 

(2) Temperatures of feed, product, 

oil, liquor and effluent vapours. 

(3) Pressures of oil line, primary 
and secondary air, and effluent vapour. 

(4) Current taken by the secondary 
air blower. 

(5) Analyses. 

The stickwater solids content was 
measured by evaporation on a water 
bath followed by oven drying, and the 
solubles water content was measured 
by the toluene method of Dean and 
Stark. 

The evaporator was initially filled 
with stickwater and, after starting up, 
the level of liquid in the evaporator 
was kept constant by addition of feed. 
As evaporation proceeded and the 
liquid in the evaporator became more 
concentrated, an increasing feed rate 
became necessary. After a period of 
about 5 hr. the desired concentration 
was reached and the feed rate was 
adjusted and kept at the value neces- 
sary to maintain this desired concen- 
tration. The heat release of the burner 
being constant under normal circum- 
stances, the degree of concentration is 
determined entirely by the feed rate 
and the feed composition. 


Results 

The results were as shown in 
Table 1 on the following page, where 
calculations are also shown. 


Discussion 

In the materials balance, the weights 
of solids agree to 23°, which is 
reasonable, 


427 








In the heat balance, 336,000 B.Th.U. 
are not accounted for except as 
heat losses or heat of concentration. 
Although the latter would be expected 
to be low for a solution of fish protein 
(of the order of 50,000 B.Th.U./hr.), 
the former would be expected to be 
high (of the order of 200,000 B.Th.U./ 
hr.) in view of the facts that the plant 
was not lagged and that a high wind 
swept through the building during the 
trial. 

A discrepancy of 100,000 B.Th.U. 
is an error of 2.2%, and its main 
source is probably the evaporation 
figure, the weight of which is obtained 
by difference in the materials balance. 

Apart from a technical fault in the 
oil heater, the evaporation process 
operated satisfactorily. The stick- 
water was not pretreated in any way, 
as a result of which the content of 
suspended solids in the product was 
very high. 

Previous experience had shown that 
at a concentration of about 55%, solids 
in the product, scorching occurs in 
the evaporator and is indicated by 
a sudden rise in the effluent vapour 
temperature and a dark-grey product. 
During the trial described here, how- 
ever, with a solids content in the pro- 
duct of only 40%, no tendency to 
scorch occurred, the effluent vapour 
temperature was exceedingly constant 
at about 2°F. above the liquid tem- 
perature, and, clearly, heat was readily 
transferred from the combustion gases 
to the liquid, in spite of the consider- 
able viscosity of the liquid. The pro- 
duct here was light to medium grey in 
colour and completely opaque. 

In accordance with Dalton’s law of 
partial pressures, the liquid evapo- 
rated at a temperature of 186°F., 
corresponding to a partial pressure of 
the water vapour of 8.5 p.s.i. absolute. 
This reduction in ‘ boiling point ’ may 
be important as far as quality of pro- 
duct is concerned. 

The fuel used being a residue oil, 
sulphur dioxide is formed during com- 
bustion at a rate of 12 lb./hr. This is, 
however, diluted to about one part in 
800 and should not pose a serious 
corrosion problem. The question of 
contamination of the solubles by the 
products of combustion is a matter 
requiring further chemical and animal 
nutrition tests. If necessary, a higher- 
quality sulphur-free oil could be used. 

Regarding efficiencies, comparison 
can be made with steam evaporators 
working in conjunction with an oil- 
burning boiler. If the boiler generates 
14 Ib./steam/Ib. oil, and a single-effect 
evaporator uses 1.2 lb. steam/Ib. water 
evaporated, then, using the latter, 
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(a) Materials balance (Ib. /hr.) 


CALCULATIONS 
(b) Heat balance 




















IN: Solids Water Total (B.Th.U./hr. on 60°F. datum) 
Feed liquor (7.3% IN: 
solids) .. . 302 3,838 4,140 Sensible heat of feed liquid.. 480,000 
Oil.. ra pat 216 Sensible heat of oil minus 2,000 
Air primary —_ —_ 270 Gross calorific value of oil .. 4,070,000 
Air secondary 5,330 Power to blowers 56,300 
5.816 Power to oil heater 7,100 
’ ——E EE 
4,611,400 
Out: Solids Water Total Out: 
Concentrated solu- Sensible heat of product 75,000 
bles (39.6% solids) 295 450 745 Evaporation . 3,776,000 
Evaporated water. . 3,395 3,395 Products of combustion: 
4,140 SO: : x a 
Products of combustion: N, and Sacesie ; . 73,350 
O; .. Px me e 681 Excess air ‘5 a 82,200 
SO; .. Ay i 12 Water vapour. 250,000 
N, and inerts - 2,310 Heat losses and heat of concen- 
Excess air .. 2,590 tration (if latter significant) 336,400 
Water vapour 224 iii ae 
5,817 aii 
Overall thermal efficiency 92.7% 
ee eens ——— Evaporation efficiency (exclud- 7 
P ing power) . 92.7% 
Table |. Results of Trial genio efficiency (includ- ; 
in; wer) . ae oak 91.2% 
with Submerged Evaporator Pind moe l factor .. 5.56 
, ‘ Water pres asl Ib. oil 
Operating on Stickwater burned 15.7 Ib 
Max. Min. Average of 
Quantity measured reading reading 24 readings Unit 
| Feed rate (stickwater 4,140* Lb. hr 
| Production rate (solubles 870 595 745 — Lb. hr 
Primary air flow gauge 5.6 5.4 3.5 In. water 
Secondary air flow gauge 4.3 4.1 4.25 In water 
| Oil consumption 24.6 22.0 23.3 Gal. hr 
| Temperature of feed 185 178 182 KF 
, product 186 176+ 181 F 
, oil 165 105 134 I 
, liquor in evaporator 187 185 186 KF 
, efHuent vapours 188 186 187 I 
| Oil pressure 51 30 38 P $.1.g 
| Primary air pressure 10.6 10.3 10.4 P.s.1.g 
| Secondary air pressure 2.3 LZ 2.3 P.s.1.g 
| Chimney suction - 0.25 In. water 
| Current taken by secondary blower. . 0) 30) 30) Amp 
| Solids content of feed} _— 3 “0 
Solids content of product 43.5 37.2 39.6 
* Average of several readings only. 
+ Low readings inaccurate due to cooling, 186°F. taken for heat balance. 
+ All feed samples combined into one, three samples taken from this and average taken 
Fuel data: Bitroleum Shell (200 sec.). 
C.V.: 18,900 B.Th.U. Ib. or 175,000 B.Th.U. gal 
Density: 0.92 to 0.93. 





water evaporated/Ib. oil = 11.6 lb. 
With a double-effect evaporator using 
0.7 lb. steam per Ib. water evaporated, 
water evaporated/Ib. oil = 20 lb. The 
figure of 15.7 lb. for submerged 
evaporation therefore lies midway be- 
tween those of single- and double- 
effect evaporators. This agrees quite 
well with Austin.” 


Conclusions 

(1) Submerged evaporation is, as 
far as technical operation of plant is 
concerned, a satisfactory means of 
recovering stickwater. 





(2) Further tests are desirable re- 
garding quality of solubles, and air 
pollution by odours. 

(3) The use of a submerged evapo- 
rator is particularly advantageous for 
a short operating season because of its 
low first cost and reasonable thermal 
efficiency. 
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VAP ORATION 


By J. M. Coulson, m.a., Ph.D., D.1.C., M.I.Chem.E. 


In this article Prof. Coulson reviews the present methods available for estimating heat transfer to 


boiling liquids and it is shown that no entirely satisfactory method ts at present available. 


Reference 


is made to problems of scaling and entrainment in evaporators. 


1) URING the last two years there 
has not been a great deal of pub- 
lished work dealing directly with the 
design or operation of evaporators or 
the associated auxiliary plant. Never- 
theless, work is going on in several 
fields which should lead to better 
evaporators. Thus, in the design of 
a unit it is usually necessary to deter- 
mine the heat flux that may be obtained 
under various conditions of operation, 
the entrainment that may be expected, 
and the cost of operation both in 
regard to depreciation and services. 


Co GATA OF B-11590 @ © DATA OF CICHELAE SE 





aT, °F 


The problem of scaling is always pre- 
sent to some extent and the period of 
operation on stream between descaling 
operations is often important. In 
selecting a unit for a given purpose 
all these considerations will be in mind 
as well as, perhaps, the advantages of 
a unit with a low hold-up or one which 
can be fabricated easily from various 
types of material. 

In all these aspects further research 
is required both of a fundamental 
and of a development nature before 
the design can pass into that small 


group of chemical plants that can be 
designed with considerable success 
from first principles, and not be deter- 
mined too extensively on the great 
standby of experience and previous 
construction. Some of these topics 
are receiving attention and in this 
article an indication will be given on 
the current work on heat transfer to 
boiling liquids and some remarks on 
entrainment and scaling are also 
included. 

There has been a considerable in- 
crease in the research on boiling liquids 
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Fig. 2 (above). Point values of heat flux p 
distance from tube 
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sparked off by the ideas of using them 
as possible coolers for nuclear reactors. 
Perhaps the most noticeable trend in 
this field is the realisation, surprisingly 
late, that boiling in tubes is a two- 
phase flow process and the dynamics 
of the process are important in deter- 
mining the heat flux obtained. 


Heat flux in boiling liquids 
Evaporators are usually arranged for 
the liquid to boil in tubes which may 
be short or long and the circulation 
may be natural or forced. The coil 
pan and the horizontal tube units must 
not be forgotten, but in some ways 
boiling on a submerged surface whilst 
not perhaps much better understood 
does not seem to involve quite so 
many variables. A quick look at 
recent research papers shows the very 
considerable gap between the heat flux 
obtained in such equipment and that 
obtained in the day-to-day practical 
operation of existing units. Why is this, 
and can any improvement be expected ? 


Heat transfer to boiling liquids 


Although the physical relations be- 
tween the surfaces of bubbles and 
solids were related by considerations 
of surface tension and the equilibrium 
conditions for bubbles could be ex- 
pressed by physical equations, it was 
not till 1934 when Nukiyama pub- 
lished his paper on boiling water on 
a platinum wire that a real start was 
made in the study of boiling liquids. 
His simple results showed the exis- 
tence of the two important regimes of 
boiling, nucleate and film. In nucleate 
boiling, active centres give rise to the 
formation of bubbles and the heat is 
generally considered to be transferred 
from the surface to the liquid and then 
to the bubble. In film boiling the 
bubbles are formed so fast that they 
form a film over the surface and the 
heat must then be transferred through 
this film either by conduction or at 
very high temperatures by radiation. 
Photographic studies, particularly re- 
cent ones, taken at 4,000 frames/sec.,! 
certainly indicate that there are quite 
large areas of solid where no bubbles 
are arising during nucleate boiling 
but that at the critical temperature 
difference there are no free areas of 
metal. 

The first proposals for calculating 
heat flux under nucleate boiling came 
from the work of Jakob and Fritz 
and were extended recently by Roh- 
senow.” They apply the general heat- 
transfer equation 


Nu = Q(Re)"(Pr)™ 


by expressing the value for the Rey- 
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NOMENCLATURE 


Surface area, sq. ft. 

Heat capacity, B.Th.U./Ib.°F. 

Pressure corresponding to 
liquid superheat tempera- 
ture, Ib. /sq.ft. 

P« Pressure on system, Ib./sq.ft. 

T — Temperature difference at 

boiling film, F. 


VOR 


d Tube diameter, ft. 
g Acceleration of gravity, ft. 
hr.* 
hb Boiling heat-transfer co- 
efficient, B.Th.U./hr.sq.ft. 
F. 
he Two-phase convective heat- 
transfer coefficient, B.Th.U. 
hr.sq.ft.°F 
An Single-phase heat-transfer co- 
efficient, B.Th.U. /hr.sq.ft. 
F. 
k Thermal conductivity, 
B.Th.U./hr.ft. F. 
q Heat transfer rate, B.Th.U. hr. 
y Weight fraction of vapour. 
3 Bubble contact angle. 
4 


Latent heat of vaporisation, 
B.Th.U./Ib. 


L Viscosity, Ib. /hr.ft. 
e Density, Ib. /cu.ft. 

G Surface tension, Ib. ft. 
S 


Subscripts: L liquid, v vapour 











nolds group in terms of the size and 
velocity of a bubble just leaving the 
solid. Their final expression can be 
put in the form, 


Nu = const. (Re)i(Pr)-°-* 


or Pla ~ =] 
const. [ES 7 “\(. g (e4- - | ] 
ball 


This, if rearranged, gives the transfer 
coefficient in the form: 
(ATR e"(ex ~ én) 
B.02.C,?7-1.22.4, 4-1 

The second approach by Forster and 
Zuber*® is based on the growth of a 
bubble as given by the following form 
of Kelvin’s equation: 


hy = (Csy) 





P, - P« 


i) 
di) 


Their final expression can be put in 
the form: 


Nu = 0.0015 (Re)®* (Pr)! 
1.€. 
hy = 0.0012 
(AT)°: (Py -Px)- 73 ky: ae 0,49 
79-57,0.24, 1p 29. 0-24 


It should be noted that these two 
approaches use quite different expres- 
sions for the Nusselt and Reynolds 
groups, and considerable further work 
is required to see which, if either, 
gives really useful results. 

McNelly,. working mainly from 
considerations of dimensional analysis, 
has given an equation for nucleate 
boiling in the form 


hud 
ky 


0.69 0.69 O31 


CL Ap ‘ q A.d , Pa.d 
; ky. yma Go y 


These three equations by Rohsenow, 
Forster, and by McNelly have been 
compared by Mesler and Banchero’ 
by plotting the temperature difference 
against the pressure for a fixed heat 
flux of 50,000 B.Th.U. /hr.sq.ft., taking 
benzene as the liquid (Fig. 1). It is 
clear that there is little uniformity and, 
although Rohsenow’s equation seems 
nearer the data, it is necessary to pick 
out a suitable value of his constant C,;. 
Again these proposals show quite dif- 
fering influences of the surface tension. 
Thus, if-h, — ¢.c”, then values of n 
from -2.5 to 1.275 have been proposed. 

We cannot at present get a satis- 
factory picture, which is not altogether 
surprising when we are ignorant of 
what constitutes a nucleation centre. 
Relatively simple experiments show 
that the number of such centres varies 
in no clear way. More empirical 
expressions have been given by Cry- 
der® and by Jakob,’ Bonilla and Perry.* 

In most evaporators the conditions 
are, however, rather different from the 
above, in that the liquid boils inside 
tubes and we are concerned with 
natural circulation with or without a 
climbing film action or with forced 
circulation. A liquid entering a tube 
is usually sub-cooled with respect to 
the boiling temperature at the base 
and only reaches its boiling point at 
some distance up the tube. The sub- 
sequent process is the passage of a two- 
phase system up a tube in which the 
proportions of the two phases are con- 
tinuously changing. It is for this 
reason as well as others that the 
influence of the geometry of the sys- 
tem is complex and the correlations 
presented on the basis of studies in 
single tubes in which only an overall 
picture has been given have often 
proved misleading. McNelly® pointed 
out that the rate of heat transfer 
tended to increase up a tube and 
also increased with a reduction in 
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diameter. Kirschbaum, se mae 
however,!” does not re- 
gard the geometry as 
important. In any tube, 
and certainly in a long 
one, we have a combin- 
ation of nucleate boiling 
arising from bubble for- 
mation and convection 
heat transfer arising 
from the increased 
velocity of the vapour 
stream. Such a system | 

has inherently difficult 400L__ 
properties, since certain ” 
parameters influence 
nucleate and convection 
boiling in different ways. 


WATER 


hy, 8.Th.U/hr. sq ft. °F 


Fig. 3. 


Boiling as two-phase flow system 

Since the proportions of the two 
phases in a liquid boiling in a tube are 
varying, it would be advantageous to 
be able to measure the point value of 
the heat flux. Guerrieri and Talty" 
were two of the first to appreciate this 
and they have presented values for 
the point heat-transfer coefficient. 
This was made possible by using a very 
thick copper tube 0.375 in. thick and 
measuring the wall temperature and 
inside boiling temperature up the tube. 

The point values of A» increased 
along the tube even though the drop 
in temperature across the boiling film 
decreased. It follows that the per- 
centage of vapour is a major factor in 
determining A». This can be put 
another way by saying that the high 
percentage of vapour corresponds to 
a high vapour velocity and that the 
convective nature of the process is 
important. The improved value of hy 
as compared with single-phase con- 
vection is seen by plotting Ap/h, 
against the percentage of vapour. The 
mechanism in the tube is regarded as 
mainly nucleate boiling at the onset 
but two-phase convection becomes 
predominant as the weight fraction of 
vapour increased. 

In the two-phase region the co- 
efficient is given as 

0.45 
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Effect on h), of several aqueous solutions.'® 


where 
0.9 0.5 0.1 


a Gay ED a 
X tt 1 - y Pv -L 
The combined heat-transfer coefficient 
hy is then given by 


hy — 0.187 n( =) ; 
a) 


where r is the radius of the minimum 
size thermodynamically stable bubble 
and 4 is the laminar film thickness. It 
can be seen that in effect the contri- 
bution of nucleate boiling is shown 
by the factor 


0.187 (5) 
ts) 


Dengler and Addoms™ have tackled 
the problem of determining point 
transfer conditions in a rather different 
way. By adding manganese 52 with 
a half life of 5.8 days to water and 
tracing the radiation with a Geiger 
counter up the tube the proportion of 
vapour and liquid at any plane could 
be obtained. This enabled the heat 
flux to be plotted against the length of 
tube. The heat flux g/A increases 
steadily but much more strongly be- 
yond 10 ft. even though the tempera- 
ture difference remains reasonably 
constant. They explain the shape of 
this curve (Fig. 2) on the argument 
that in the first 10 ft. the heat transfer 
is predominantly nucleate boiling, but 
thereafter the nucleate boiling is sup- 
pressed and the transfer is mainly by 


Table !. Data for Boiling Solutions of Methylene Chloride 
in Climbing-film Evaporators (F. R. Whitt)" 





Tube diameter, in. 

Feed rate, Ib. hr. 81.7 
Evaporation, lb./hr. .. - 69.7 
Heat flux, B.Th.U. hr.sq.ft. .. | 10,004 
Overall, /.T F. ae 56.0 
Us, B.Th.U. /hr.sq.ft.°F. 180 
hs, B.Th.U. hr.sq.ft. F. 302 
Boiling film, 7 F. .. 33.3 








: 2 
84.6 78.9 94.2 92.5 93.5 
74.4 73.8 86.6 84.1 84.2 
10,713 | 10,629 | 12,474 | 12,116 | 12,129 
56.7 52.4 54.9 53.7 52.5 
189 203 226 216 232 
317 362 435 474 356 
33.8 29.1 28.7 25.6 35.6 
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forced convection of the two-phase 
mixture. This is in agreement with 
Guerrieri and Talty and clearly in- 
dicates the importance of forced con- 
vection. Over the region where 
nucleate boiling is suppressed they 
have essentially the same relation as 
Guerrieri and Talty: 


he 1 
3.5 
hy. (xz.) 


These workers also propose a com- 
plex correction factor to account for 
the nucleate boiling and again it is 
difficult to believe that their work 
provides a design technique, although 
it undoubtedly helps in formulating 
a picture of the process. 

Guerrieri and Talty and Dengler 
and Addoms are arguing that the pro- 
cess is one of nucleate heat transfer 
till a certain flux is obtained when 
convective heat transfer is dominant, 
the high vapour velocity suppressing 
nucleation. McNelly also gave a simi- 
lar argument for the different regions 
of heat transfer, but he was only able 
to plot length mean coefficients where 
Dengler and Addoms plotted point 
coefficients. 

For boiling inside tubes we are still 
lacking a design equation, but there is 
some hope that recent work referred 
to above may lead to a much better 
understanding. In the meantime we 
must make judicious use of the prac- 
tical data available. Work by Duns- 
moir!® looks likely to help in giving 
direct data on a usable size of equip- 
ment, and data from Whitt" are again 
useful. Whilst it is generally agreed 
that temperature difference is the pre- 
dominating factor in nucleate boiling, 
it is not yet established whether a geo- 
metric term such as length is not also 
important in boiling inside tubes. 
Dunsmoir, using a 10 ft. by 1 in. 
stainless-steel tube gives results as 
indicated in Fig. 3. 


0.5 


Industrial units 


Data from industrial units are scarce 
and the paper by Whitt" is therefore 
particularly useful. He gives data for 
boiling solutions of methylene chloride 
in climbing-film evaporators of tube 
sizes },:3 and 2 in. diam., with the 
ratio of length to diameter kept at 100. 
The main tube material was silver 
and the liquor was heated by circulat- 
ing water in an annulus. The heating 
film heat-transfer coefficient was taken 
from an equation given in the literature 
which was checked in a separate unit. 
By making overall measurements the 
boiling film transfer coefficient was 
calculated. Some of the results are 
given in Table 1. 
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On the whole he does not find sub- 
stantial variations with the different 
tubes. Fig. 4 shows that his results 
are very much in line with those 
reported by Coulson and Mehta,” the 
slope of the line giving g/AxAT'™. 
The maximum value of the heat flux 
obtained is about 12,000 B.Th.U./hr. 
sq.ft.°F., with a boiling film tem- 
perature difference of about 20°F. 

These results are useful, but it is 
unfortunate that with industrial units 
it is very difficult to have control of 
the equipment so that the various 
parameters can be tested over wide 
ranges. 


Circulation rates in 
thermosyphon units 

For design purposes it is valuable to 
be able to predict the circulation rate 
in a natural circulation unit. A. I. 
Johnson’* has given some data on 
these rates using a tube bundle of 96 
tubes 8 ft. long and 1 in. id. He has 
shown that the rates can be predicted 
by a method due to Kern and the 
comparison of the observed with the 
calculated is shown in Fig. 5. 

This problem has also been investi- 
gated at Glasgow by Thomson and 
Scott.!7 They used a large installation 
and have measured circulation rates 
where total vaporisation occurs. Some 
of the results are shown in Fig. 6. 


Scale 


The problem of rapid scaling of 
evaporators continues to receive atten- 
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tion and a paper by N. O. Schmidt 
and W. S. Wise'® is indicative of work 
done in the sugar industry. They 
discuss research on the use of EDTA 
(ethylene diamine tetracetic acid) for 
dissolving scale from calcium and 
magnesium salts. They also give some 
results on the use of sodium citrate. 
One useful piece of information is 
that the rate of cleaning of calcium 
sulphate scales is independent of pH 
above 6 so that very alkaline solutions 
of EDTA need not be used. Interest 
in chemical cleaning as opposed to 
mechanical cleaning lies in ease of 
application for large installations as 
well as in the doubt as regarding the 
effect of mechanical treatment on the 
tube walls. The use of external calan- 
drias which are easier to get at seems 
to increase the capital cost rather too 
much at present, but this does seem 
a logical approach. 

In the production of fresh water 
from sea-water a particularly trouble- 
some scale is formed on the heated 
surface; to minimise this scale a recent 
development has been the use of the 
Tnermoflex element in the latest Weir 
evaporator (Fig. 7). The element is 
fabricated from sheets of Monel metal 
deeply corrugated to give a large heat- 
ing area and to make the element 
flexible. When the element is first 
put into service a thin but critical layer 
of scale will form; further deposits 
will be broken off by the flexing 
action of the element caused by normal 
variations in operating temperature. 





wes 
(Courtesy: ‘Chemical Engineering Progress’ 


Comparison of observed and predicted 


recirculation ratios.'® 


We are very short of accounts of 
the performance of commercial evapo- 
rators and data of this kind would be 
of considerable use in clearing up the 
known and unknown features of some 
of the typical evaporators. What 
liquid levels are used and can a distinct 
advantage be claimed for a definite 
level? Which units seem to be operat- 
ing anywhere near the values given in 
many of the research papers on boiling 
liquids? Articles such as that on 


chemicals from wood!® are interesting 
in showing processes and detail items 
of equipment, but these are touching 
the fringe of the subject. 

Another article from 


the same 





(Courtesy: G. & J. Weir Ltd. 


Fig. 7. Horizontal evaporator with 
ee * element partly with- 
drawn from the evaporator shell. 
Scale shed by the element falls to the 
base of the shell and can be raked out 
periodically through the door shown 
beneath the element. 


CHEMICAL & PROCESS ENGINEERING, December 1958 


















































ie 
2400." 2 Sw 
| | oh 
a5 | ae a | } —— 
| } , | i 
| | ss 
} | | | 
| | | 
“ T | | | t 
} | | } 
r ! | i -T € 
| 13° sw.G. TBE _U=TUBE at 
1 35 ee | SS SS ee 
> | | | —— 
| } | 
| | 
ra. a? See i a) Se 
} ! | 1” 
114 00x 6 swe 
a 7 Pees Tose _U- ree 
_— | | | - 
| | | 
cf ee — ee ee SE 
| | 
| | | | 
| 
| | | | | 
—_ i _ “3 rs BoC 100 
CAT To TuBe BT 
Tube as indicated. Heating uniform Restricting orifice none 
Tube positions vertical Heated length 10ft. 6in, Pressure: 1,000 Ib. per in.* (gauge) 


(Courtesy: N.E. Coast Instn. of Engrs. and Shipbuilders 


Fig. 6. Circulation velocity —heat input for various tube diameters.'’ 


series” reminds us of the use of 
evaporators in the manufacture of 
organic material, this time penta- 
erythritol by the Hercules Power Co. 

The problem of entrainment in 
evaporators has been discussed in an 
interesting thesis by D. B. Shearn*! 
from Birmingham University. 
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Olefin expansion 
at Grangemouth 


Capacity for the production of ole- 
fins for the manufacture of petroleum 
chemicals by British Hydrocarbon 
Chemicals Ltd. will be more than 
doubled by the installation of a third 
ethylene plant at Grangemouth, Scot- 
land, scheduled to be completed by 
the middle of 1960. The plant, con- 
struction of which was inaugurated 
recently with the driving of the first 
pile, will have a rated production 
capacity of 70,000 tons p.a. and it is 
believed that it will be the largest 
single ethylene plant anywhere outside 
the U.S.A. It will be similar to the 
two existing ethylene crackers and is 
estimated to cost, with its associated 
utilities and services, about £6 million. 

The new ethylene project vill bring 
total investment by British Hydro- 
carbon Chemicals (a joint undertaking 
of the British Petroleum Co. and The 
Distillers Co.) to over £30 million. 
Production of ethylene and other ole- 
fins began in 1951 and was expanded 
in 1956 with the completion of a second 
unit. The additional ethylene made 
available by the new plant will enable 
existing ethylene-utilisation plants, and 
the Rigidex polythene plant now under 
construction, to be operated at full 
capacity. 
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HE Hythe plant, occupying a 54- 

acre site and with installations 
covering 280,000 sq. ft., produces 
S.B.R. (styrene-butadiene rubber)— 
more familiar hitherto as GR-S 
(Government rubber-styrene), especi- 
ally in the U.S.A., where it was given 
this name at the time when the big 
synthetic rubber plants there were 
government-controlled. 

In manufacturing rubbers of this 
type, the main reaction can be carried 
out either at about 120°F., to produce 
‘hot’ rubber, or as low as 40°F. to 
produce ‘cold’ rubber. At Hythe, 
the butadiene/styrene copolymers are 
produced via alow-temperature, ‘cold,’ 
emulsion polymerisation reaction. 
This type of reaction has been made 
possible by the development of im- 
proved redox catalyst systems which 
contain both a reducing and an oxidis- 
ing agent. These catalysts also enable 
polymerisation to be carried out more 
quickly than in the old ‘ hot’ rubber 
processes. The two chief ingredients 
are used roughly in the proportion of 
three parts of butadiene to one of 
styrene; a heavy petroleum fraction 
may also be added at a later stage of 
the process if it is desired to produce 
an oil-extended rubber. 

The main stages of the plant are the 
solution make-up stage, the reaction 
system where polymerisation takes 
place, the recovery system for removal 
and recycling of unreacted butadiene 
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and styrene, and the finishing stage in 
which the rubber crumb is formed, 
dried and baled. 


Solution make-up 


Fresh butadiene, which is received. 


by pipeline from the nearby Esso oil 
refinery at Fawley, is blended with 
recycle butadiene. Excess recycle 
butadiene is returned by pipeline to 
the Esso refinery for repurification. 
The blended butadiene is pumped 
from the tank farm through a scrubber 
to remove the inhibitor. It is then 
pumped via surge tanks and metering 
systems to the reactor trains, as is also, 
from a separate tank farm, a blend of 
fresh styrene (brought by rail, road 
and sea from Forth Chemicals at 
Grangemouth and Shell at Partington) 
and recycle styrene. 

Other materials pumped to the 
reactor trains include the emulsifier 
solution—prepared from rosin soap or 
fatty acid soap, and other materials, 
dissolved in water together—the acti- 
vator solution, and the modifier. 


Polymerisation 

The butadiene, styrene and various 
other solutions are combined together 
in a single charge pipe which passes 
through two series of exchangers, the 
first cooled by sea-water and the 
second by refrigerated ammonia. The 
outlet temperature of the charge stream 
from these latter exchangers is adjusted 


The Hythe plant of International Synthetic 
Rubber Co. Ltd., situated just 1} miles from 
Esso’s Fawley refinery on Southampton 
water, 1s now producing general-purpose 
styrene-butadiene rubber at the rate of about 
50,000 tons p.a. and has a total capacity to 
produce 70,000 tons or more. Salient facts 
about the plant were noted briefly in our last 
issue; here is a description of the process. 


Styrene stripping columns at Hythe. 


as may be required for the polymerisa- 
tion reaction. At this stage the acti- 
vator is added to the charge stream, 
which then passes to one of the reactor 
trains. 

There are two parallel trains of 
reactors, 22 in all, each comprising a 
vertical mild-steel vessel of about 4,200 
Imp. gal. capacity with internal cool- 
ing coils and a central stirrer, and the 
charge material passes from one vessel 
to another in series, polymerisation 





Sigmund A-N_ heavy-duty chemical 
pumps on process duties. 
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View inside the reactor room showing the two parallel trains of reactors in series. 








Steel framing with asbestos cladding 


and glazing was used for the process buildings at Hythe. 


taking about 10 or 11 hr. The whole 
polymerisation operation is continuous 
and the rate is controlled by varying 
the amount of activator solution and 
catalyst solution charged. The plasti- 
city or Mooney viscosity of the poly- 
mer is controlled by the amount of 
modifier charged. 

Polymerisation is arrested by the 
addition of ‘ short-stop’’ when it has 
proceeded to the desired degree. This 
is done in a series of displacement 
columns which succeed the reactor 
train. The latex then passes to any 
one of six glass-lined surge tanks 
where it is heated to about 120°F. by 
the direct addition of steam. In raising 
the temperature of the latex the vapour 
pressure of the unrecovered monomers 
is increased, thus facilitating their 
recovery. 


Butadiene and styrene recovery 

The hot latex, containing at this 
stage about 20°, by weight of synthetic 
rubber and 10°,, by weight of un- 
reacted monomers, passes first to 
pressure flash tanks where most of the 
butadiene is removed, and then to 
vacuum flash tanks for removal of the 
remainder. The butadiene vapour 
thus collected is compressed and con- 
densed and pumped to the recycle 
butadiene storage tank. 

The partially stripped latex now goes 
to perforated-plate columns where, by 
a process of steam stripping under 


vacuum, the unreacted styrene is re- 
moved. The styrene vapour/steam 
overhead streams from the columns 
are condensed and the styrene, sepa- 
rated from the water by decantation, 
is pumped to the recycle styrene stor- 
age tank. The latex is now completely 
stripped and passed to one of the 
stripped-latex storage tanks. 
Finishing 

The blended latex from the latex 
storage tanks is pumped to one of 
four blending tanks and at this stage 
oil emulsion may be added to the latex 
if it is required to produce oil-extended 
rubber. Anti-oxidant is also added in 
emulsion form to protect the rubber 
after coagulation when the wet crumb 
is being dried. 

The latex now passes to the coagula- 
tion stage. This takes place under con- 
ditions of vigorous agitation. The 
resulting crumb and serum overflow 
into a second agitated vessel known as 
the soap conversion tank. From this 
latter the slurry overflows to a vibrat- 
ing screen where the serum and coagu- 
lum are separated. The coagulum 
falls from the end of the vibrating 
screen into a reslurry tank where it is 
then washed by the addition of dilute 
filtrate from the filters. 

The slurry from the reslurry tank 
overflows to a rotary vacuum filter 
where the aqueous phase is removed 
partially by the action of the vacuum 


CHEMICAL & PROCESS ENGINEERING, December 1958 


and partially by the action of extern- 
ally applied squeeze rolls. The cake 
of rubber crumb then formed dis- 
charges to a hammer mill where it is 
broken down once more into discrete 
crumbs. These latter are fed pneu- 
matically to the top conveyor of a 
three-conveyor drier. The moisture 
content of the crumb on entering the 
drier is of the order of 50 wt.°/, on the 
dry rubber and in passing through the 
drier the moisture content is reduced 
to approximately 0.5 wt.°,. 

From the discharge of the driers the 
rubber is fed via automatic weigh 
scales to balers which produce an 
80-lb. bale of rubber. These bales 
pass via a metal detector to either 
film-wrapping machines or dusting 
machines and bagging machines. Fin- 
ally the bales pass to the rubber storage 
building which is capable of holding 
3,000 tons. 

The plant capacity is handled by 
the finishing area by four trains of 
equipment in parallel, 7.e. four coagu- 
lation tanks, four rotary vacuum filters, 
four driers, etc., until the baling stage 
is reached, when two-train operation 
is resumed. 


Pumps and valves 

In a plant of this type, which is 
reminiscent of. refinery operations, 
pumps and valves are in evidence in 
large numbers for both manufacturing 
processes and site services. Of nearly 


435 





CHARGE MATERIALS 


POPE 
Rt 











LATEX SURGE 
TANK 





REACTION 





FLASH TANKS 


Vac. pump 








a) 


4 











BUTADIENE 
j RECOVERY 








Compressor 



























Water 





STYRENE 








Water 









































STORAGE BLEND 


SUUUUUDULAUUAETOEUUEUDEE EAE 


80 Sigmund pumps supplied, Norma 
pumps were selected for the large 
majority of process duties—these being 
redesigned single-stage, end-suction 
pumps, arranged to give maximum 
interchangeability of spares by stan- 
dardisation of support frame and shaft 
assemblies to carry a wide range of 
impellers and casings. In the Hythe 
plant this standardisation has proved 
highly successul, since 80°, of the 
Norma pumps in service have common 
parts with the exception of only five 
items. Where the service required it 
Sigmund A-N heavy-duty chemical 
pumps are installed and again 80°, of 
these pumps have interchangeable 
shafts and bearing housing assemblies. 

Chain - and - gear - operated Audco 
valves are in evidence on hydrocarbon 
gas lines, while intercoupled gear- 
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Flow diagram of the styrene-butadiene manufacturing operations at Hythe. 
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operated valves form dual bursting- 
disc and relief valve sets in some 
process locations. 


The products 


The brand name given to I.S.R. 
synthetic rubber is Jntol, the output 
being spread between three main types 
with differing properties. IJntol 1500 
has superior physical properties and 
is suitable for tyres and other hard- 
wearing applications, Jntol 1502 has 
similar qualities but is almost colour- 
less, while Jntol 1710 contains aromatic 
oil and has easy processing charac- 
teristics. 


Contractors and suppliers 
Blaw-Knox Co., U.S.A., undertook 

the designing, installation and com- 

missioning of the plant while definitive 
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engineering and procuring was sub- 
contracted to Matthew Hall & Co. 
Ltd., London. 

Sub-contractors and suppliers of 
plant and equipment included: Ash- 
more, Benson, Pease & Co., Audley 
Engineering Co. Ltd., W. P. Butter- 
field Ltd., Crane Packing Ltd., Dew- 
rance & Co. Ltd., Enamelled Metal 
Products Corporation (1953) Ltd., 
Fisher Governor Co., W. C. Holmes 
& Co. Ltd., Richard Klinger Ltd., 
L. A. Mitchell Ltd., Murex Welding 
Processes Ltd., Newton Chambers & 
Co. Ltd., Permutit Co. Ltd., Redler 
Conveyors Ltd., Siemens Edison Swan 
Ltd., Sigmund Pumps Ltd., Staveley 
Iron & Chemical Co. Ltd., Stockdale 
Engineering Co. Ltd., Taylor Controls 
Ltd., United Kingdom Construction 
& Engineering Co. Ltd. and others. 
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SYMPOSIUM ON CHEMICAL ENGINEERING ECONOMICS IN LONDON 


Are British chemical engineers too dependent on empirical methods when it comes to pre-design 
estimation of costs for chemical projects ? Winding up a recent symposium in London, Dr. R. Edgeworth 
Johnstone (who himself outlined a statistical approach to cost estimating in his well-known paper to the 
Institution of Chemical Engineers in 1954) pointed out the surprising neglect of statistical treatment, which 


could make for much more reliable estimates. 


However, the symposium, organised by the Graduates’ 


and Students’ Section of the Institution of Chemical Engineers, showed that, while having to make do with 
a much scantier supply of cost data than is made available in America, British chemical engineers have 
plenty of ingenuity in devising ways of arriving at quick estimates. Here is a summary of the symposium. 


HE symposium was extremely well attended and, 

although organised chiefly for the benefit of the 
graduates and students of the Institution, attracted a 
number of corporate members also. 

Dr. E. H. T. Hoblyn, M.B.£., who presided over the 
first session, opened the meeting with a brief reference to 
the importance of costs to chemical engineers in all aspects 
of their work. He added humorously that this included 
the cost of the research chemist not being able to make 
his mind up soon enough. 


How directors look at chemical projects 


The first paper was by Dr. J. W. Woolcock, technical 
director of I.C.I. (Heavy Organic Chemicals) Ltd. He 
dealt with chemical projects from the point of view of the 
board of directors, who had to decide whether the project 
was chemically attractive. It was necessary, not only to 
ensure that the plant was economical at the time of going 
into operation, but also to look 20 or 25 years ahead— 
would the plant then be regarded as having been a good 
thing from the point of view of economy ? 

A common mistake was to err on the side of caution, 
and to build a plant too small, which could lead to economic 
difficulties in operation, or might show to a disadvantage 
if a competitor set up a larger plant which could then 
produce the product more cheaply. 

The decision to go ahead with the particular project 
centred round the document that the chemical engineers 
and others concerned with the project presented to the 
board. The board would usually require, as a basis for 
decision, a presentation in a prescribed form of the relevant 
estimates of sales quantities and sterling realisation per 
unit; capital costs for plant, services and working capital; 
manufacturing cost; and finally the return on capital before 
and after charging depreciation or obsolescence. This 
document goes by various names, but ‘ appropriation 
proposal ’ is a useful descriptive term. 

A board would, however, incur the risk of quite disastrous 
mistakes if it were to judge an individual project, or one 
project against another, by looking solely at the per cent. 
return and the possibility of finding the money. To do so 
would ignore the fact that what they have in front of them 
are estimates and not facts. Each figure has its own degree 
of uncertainty or ‘ probable error.’ A purely formal docu- 
ment, containing a unique set of calculations, showing 
perhaps four significant figures, may conceal the fact that 
the inherent uncertainty in raw material price, or product 
realisation or in some other figure, may give a range of 
answers which vary from handsome profit to considerable 
loss. Additional studies have to be called for to ascertain 
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how far one or more factors, taken individually or together, 
can conceivably take an unfavourable turn such as will 
put the project ‘ in the red.’ 

Dr. Woolcock then went on to reveal some of the 
* tricks of the trade ’ in making these supplemental investi- 
gations. Thus, by making a simple correlation between 
fixed costs, and costs varying with output on the one hand, 
and sterling annual realisation on the other hand, it was 
possible to show the annual profit in pounds per annum 
that might be expected. 

It was also desirable for the economics of the plant to 
be considered from the point of view of varying percentages 
of full output, taking into consideration both fixed and 
variable costs and the amount of profit that is likely to be 
realised. 

The type of project to be particularly guarded against 
was the kind where profit margin was closely geared to 
the cost of raw materials. Such a project was very often 
a pure gamble if an estimate of this kind were relied upon, 
as the margin of error, while it might lead to a considerable 
profit, might equally well lead to a considerable loss. 

On the subject of capital, Dr. Woolcock pointed out 
that it was difficult to obtain a quantitative estimate of 
what is too high a capital cost. He then demonstrated 
a simple graphical means (which might have a limited 
applicability) of correlating the ratio of annual turnover 
to plant capital, with the cost of raw material as a percentage 
of total cost, to show whether the project would be satis- 
factory or not. 

Dr. Woolcock concluded that there are economical pit- 
falls in chemical projects which need at least as much 
study as the technical side. 


Assessing the order of prices 

In his paper Mr. J. P. Asquith (manager, engineering 
division projects, W. J. Fraser & Co. Ltd.) pointed out 
the desirability of assessing at the earliest possible stage 
of the project the order of prices which had to be dealt 
with. In considering the project, the cost of any additional 
provision for mains services must be considered, also the 
cost of engineering services, which would depend on the 
organisation and resources of the company concerned. 

Mr. Asquith then referred to the much-publicised and 
misrepresented method of arriving at an early approximate 
estimate based on ‘ capital cost ratio.” His view was that 
this method should not be used except by someone who 
had sufficient experience to arrive at a figure by some 
other method anyhow. 

Mr. Asquith considered that there was only one practical 
method lying between ‘refined guessing’ and detailed 
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analysis. He then described this method, which was 
based on breaking the project down into: plant items, 
pipework and valves, electrics, instruments, civil, site work, 
and engineering cost; and deciding, from records and 
experience, what percentage of the total cost each of these 
would represent. The cost of each of these items would 
then be estimated and added together to arrive at the total. 

Mr. Asquith pointed out the value of building up a careful 
record of any cost data that might become available. 
The cost of various types of equipment could be obtained 
from various sources (e.g. by enquiring at exhibitions) 
and these could later be used in making comparisons, 
provided that the date applicable to that particular price 
was also noted. 

Mr. Asquith concluded that there was no ready-made 
answer to estimating problems. It was a matter of 
experience and of using a system of careful observation. 


Estimation of manufacturing costs 

Mr. J. E. Cran (The Distillers Co. Ltd.) dealt with the 
estimation of manufacturing costs for project evaluation. 
Fifty or even a hundred economic studies may be needed 
before a project can be found on which full-scale develop- 
ment work is justified, and for this work to be done 
expeditiously unnecessary detail must be dispensed with; 
to preserve a basis of comparison a standard procedure is 
more or less mandatory. It is also important that the 
quantities which are estimated are clearly defined and that 
the definitions are thoroughly understood by the engineer 
preparing the valuation and the executive who has to give 
a decision on the basis of evaluation. To procure these 
objectives a pro forma is frequently used. 

Mr. Cran illustrated a typical pro forma and explained 
the various items such as capital, labour, raw materials, 
maintenance, utilities, etc., for which provision would be 
made. As a flowsheet and some chemical engineering 
design would eventually be called for, it would be as well 
to base the capital estimate on flowsheet considerations. 
The usual procedure is to prepare a flowsheet and from 
material and energy balances about each item determine, 
as well as available data will permit, the size of each item 
of equipment. The equipment items are then priced on 
the bases of size and materials of construction. 

To determine utilities requirements it is necessary to 
work from materials and energy balances around each 
item. Various allowances are made, where appropriate, 
for make-up losses, loss of heat by radiation, etc. On the 
pro forma the quantities of utilities, their unit costs and 
the total annual cost and cost per ton are entered. 

Turning to direct process labour, Mr. Cran pointed out 
that when making the first assessment the engineer was 
unlikely to be in a position to carry out an elaborate analysis 
of labour requirements. At this point, therefore, the 
flowsheet was divided up into a series of stages. For 
those stages which are likely to be critical or difficult, such 
as reactors or batch operations, allowance should be made 
for one man full-time; for the recovery operations such as 
distillation, absorption, extraction, filtration, etc., the 
allowance should be from quarter to half a man per unit. 
The flowsheet and some operating experience will provide 
the necessary clues. 

The cost of materials and labour required for main- 
tenance would be proportional to the amount of equipment 
to be maintained and was usually estimated as from 2} to 
10°, of the total fixed capital. From there on the variables 
affecting maintenance costs are difficult to assess. The 
handling of corrosive materials, high temperature and high 
pressure may add to maintenance costs. 
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It is not always easy to know what unit prices to allow 
for certain raw materials; the figures used should be as 
realistic as possible because raw materials costs can often 
be determining. 

A return on capital can be calculated by deducting 
operating cost from selling price and expressing this as 
a percentage of capital. If 15° net was taken as a reason- 
able return on investment and an allowance made for tax 
it would be found necessary to work to a gross return 
(before tax) of 26%. The return on capital should then 
be calculated as 26°, of the sum of total fixed capital and 
working capital. 

Mr. Cran went on to deal with capital charges and 
discussed the problems of assessing the amount of 
depreciation or amortisation. 


Process selection economics 

The economics of selecting a process was dealt with 
from the point of view of the general engineering industry 
in the paper by Mr. A. G. B. Owen, C.B.£., chairman of 
Rubery Owen & Co. Ltd. He focussed in particular on 
the changing of an existing method of production to increase 
efficiency and reduced operating costs, taking as an example 
the manufacture of axle cases by his company. 

On the question of deciding on the justification for a new 
process Mr. Owen said all the necessary and relevant facts 
and figures must be presented in an acceptable manner 
and corroborated—more projects had been turned down 
through bad presentation than through not being justified 
by the subject matter. 

Mr. Owen discussed the economics of a new special- 
purpose machine for a particular machining operation in 
his company, then touched on the subject of overhead 
costs and showed how cost varies with the volume of 
output. The importance of the break-even point was 
referred to and it was pointed out that the greater the 
value of the equipment employed in the factory, the 
higher will be the fixed expense and, consequently, the 
higher the break-even point. 

The various activities involved in implementing a new 
process, usually co-ordinated through the production 
engineer, required for speed and efficiency the complete 
briefing of all levels of staff beforehand. Finally, Mr. 
Owen pointed out that the ultimate responsibility must 
rest with the board or the managing director. 


Market research 

Mr. H. Munt, of the marketing research division of 
Unilever Ltd., explained the application of market research 
to production planning. Production, he said, was related 
to sales possibilities and the high fixed costs of plant, 
coupled with the danger of technological developments 
leading to possible product obsolescence, together with the 
high investment costs in raw materials, product develop- 
ment, administration and marketing, make careful planning 
on the basis of estimated sales essential. 

In some industries, as for instance those producing 
certain types of household consumer goods where demand 
and consumption is regular throughout the year, plant 
could be continuously employed at an even rate in parallel 
with consumer offtake. This type of situation was the 
easiest to deal with where market research techniques had 
successfully been employed to measure the extent of 
market consumption by volume and by rate of consumption. 

Other production situations arose where raw materials 
become available only at certain times of the year and 
had to be processed within a short period of time, or 
where demand fluctuated, as for instance according to 
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the weather, or again where consumption was purely 
seasonal, resulting in peak periods of demand. In such 
cases the mechanics of production planning became more 
complicated, especially if the product deteriorated in 
storage, but the basic requirements remained the same, 
namely, knowledge of present and potential market 
requirements. 

The sources of information varied according to the 
industry and the type of product. In some cases quanti- 
tative estimates of total markets were readily avilable in 
terms of production; in others little or no attempt had 
been made to prepare reliable statistics of the trade. 
Where it had been established, information relating to the 
share of the trade held by individual manufacturers was 
usually unpublished or available only by private 
subscription to its authors. 

In the case of industries concerned with capital goods or 
intermediate products, survey work was possible amongst 
manufacturers to discover the extent of use of such inter- 
mediate products used by them in the process of producing 
their finished product. In some cases consumption of the 
intermediate product could be deduced from figures of 
production of the finished product. The market researcher 
must use all sources and all possible approaches to check 
and recheck his findings. 


Instrument costs 

Dr. D. W. Gillings (Imperial Chemical Industries Ltd.) 
dealt with the cost of instrumentation and control instal- 
lations. Typical orders of magnitude of cost of complete 
control installations were given, showing that the whole 
system is usually in the range 5 to 15°, of the complete 


plant cost. Some probable ranges of costs including 
installation were given in the following tabulation: 
Probable 
installed 
Type of unit price range 
Flow-recording controller system* 400—500 
Flow switch ne 50— 80 
Level indicator} 100—200 
Level recordert ia 150—250 
Level-recording controller system* 400—500 
PH indicatort . 350—450 
pH-recording controller system* 500—700 
Pressure controller = 50—200 
Pressure indicator 10 upwards 
Pressure-recording controller sy stem* 400—500 
Speed indicatort . 50—150 
Temperature recording controller system* 500—600 


* System includes pneumatic pipework, 1-in. valve (not special 
type) with pneumatic actuation. 
+ Installed costs take account of accessories as well as installation. 


A progressive change from pneumatic to electronic 
controllers, and a widespread increase in the use of direct 
analysis instruments, were given as examples of present 
trends, with the introduction of data logging and processing 
and ultimately on-line electronic ‘computers as longer- 
term developments. A brief analysis was given of problems 
in assessing economic return, and Dr. Gillings pointed out 
that process data were not always readily available for such 
assessment, but as it should in future be possible for 
more data to be obtained from more comprehensive 
instrumentation, these problems would become less 
formidable. 

In conclusion, it was pointed out that an economic 
analysis of the control system cannot be complete if 
considered in isolation, and that such studies must be 
ancillary to good progress in technical innovation. 
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Capital costs of vessels and equipment 


It is a hazardous business to put forward: in public cost 
estimates for equipment in which there is such a high 
degree of competition as exists in the process plant fabri- 
cation industry today. So it was pointed out in the paper 
presented by Mr. B. Pollard (Constructors John Brown 
Ltd.) which nevertheless provided a valuable guide to 
the order of prices for various classes of storage tanks, 
process vessels, heat exchangers and distillation equipment. 
Figures were presented as representing an average for the 
U.K. fabricating industry, and the point was made that, 
in assembling such figures, one must try to take into 
account not simply the cheapest price but a normal price 
that one would expect to pay, consistent with good-quality 
workmanship and reasonable delivery. 

Approximate fabrication costs were given, on a price- 
per-ton basis, for storage and pressure vessels in mild 
steel, stainless steel and aluminium, while it was pointed 
out that, for mild-steel process vessels, the fabricating cost 
varies with the type of internals, complexity, pressures, 
workmanship, etc., but would be in the range of £240 to 
£450/ton. Relative cost factors of 1.0 for mild steel, 2.0 
to 2.5 for aluminium and 2.5 to 3.0 for stainless steel were 
given. 

For mild-steel heat exchangers of the simple, low- 
pressure, fixed-tube plate type up to 50 p.s.i.g., it was 
shown graphically that the price/sq.ft. varies from 13s. 
for the large ones to 100s. or more for small ones. It was 
explained that these exchangers had been designed down 
to the duty called for in order to keep the price at a mini- 
mum and were used in small chemical plants on various 
duties. For ‘T.E.M.A.’-type heat exchangers of 150 
p.s.i.g. the price was shown to vary from 28s. to 120s./sq.ft. 
and higher, based on a floating-head type, whereas fixed- 
tube plate types would be 10 to 20°,, cheaper. It was also 
shown that, in the case of the T.E.M.A.-type exchanger, 
the effect of varying tube length has a greater effect on 
the cost per sq. ft. 

For distillation columns it was acknowledged to be 
almost impossible to give comprehensive cost data, owing 
to the many different types of plates in use. However, 
for smaller jobs where packed columns are employed, it is 
simply a matter of multiplying the basic cost of the ring 
pack by the number required. These rings are produced 
in such large quantities that the price does not vary very 
much with quantity. Approximate prices per cu. ft. for 
porcelain rings, depending on quantity, would be 15s. for 
2-in., 18s. for 1}-in., 25s. for l-in., and 67s. for }-in. rings. 
If these figures were taken as a base of 1.0, the factor for 
mild steel would be 2 and for stainless steel about 10. 


Pumps and fans 

Chemical engineers generally are more familiar with 
pumps and their performance than with fans. A useful 
guide to the selection and cost of centrifugal fans was 
given in the paper by Mr. H. W. Thorp (Chemical 
Engineering Department, University College, London). 
An important factor in selecting a fan was the capital cost 
as compared with the running cost and taking the load 
factor into consideration. The size of the fan would 
depend on the duty, speed and type of impeller required, 
as well as on the location and space available. Materials of 
construction also had to be considered, according to the 
gas to be handled, while further important points were 
the method of drive to be used and how soon delivery was 
required, stock types being more readily available than 
tailor-made units. 

As a basis for cost comparison, Mr. Thorp considered 
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a fan to handle 10,000 cu.ft./min. of clean, cool air at 2 in. 
water-gauge; the approximate cost would be: with f.b. 
paddle-blade impeller, speed 730 r.p.m., efficiency 60°,.— 
£100; with b.b. fan at same speed, 70%, efficiency—£200; 
and with an aero-foil-section blade, same speed, 80%, 
efficiency—£250. 

If a higher water-gauge was required, power require- 
ments would increase and hence efficiency was of para- 
mount importance, especially if the load factor was high. 

For cool, clean gas a smaller, multi-blade fan was better 
than other types. Dust- and mist-laden gases called for 
more robust construction and a paddle-blade impeller 
suitably strengthened to combat dangers of erosion, 
corrosion or build-up of solids. The extra cost would 
amount to ar proximately 20°. 

For fans at ground level it was best to use small units on 
a concrete plinth when high speeds could be used. If a fan 
must be sited on a steel-frame structure it was best to use 
a larger fan running at a lower speed. This involved 
a more costly fan and motor with lower efficiency, which 
would more than outweigh the cost of bringing ducting to 
a small high-speed fan at ground level where accessibility 
is better. 

Turning to materials of construction, Mr. Thorp stated 
that fans for handling cool, clean air were usually made 
in mild-steel. He observed that where weight was a con- 
sideration, however, other materials came into use. In 
very large fans high-tensile steel was used for the impeller 
to give rigidity under load without undue weight, the 
extra cost being in the region of 15°,,. For a stainless-steel 
shaft, impeller and casing for handling corrosive gases, 
the cost would be some four times that of a mild-steel unit. 
For cool, corrosive conditions rubber or PVC coating 
could be used, the cost then being about twice that of 
mild steel. 

The V-belt was the commonest and cheapest type of 
drive. A direct drive with flexible coupling would increase 
the cost to about 1.15 that of the ordinary V-belt unit, 
while the need for a variable-speed drive might call for 
the use of variable-speed motor, a fluid coupling, or inlet- 
vane control, the cost multiplying factor being 2.5, 1.75 
and 1.5 respectively. 

On the subject of pumps, Mr. Thorp pointed out that 
similar considerations applied as for fans, but there were 
not such a variety of impellers for pumps as there were 
for fans. As a basis for cost estimation, one could take 
a pump handling clean water at 100 gal./min. and 50 ft. 
delivery head. A 3-in. pump with closed impeller and 
end suction, all of cast-iron construction, would cost about 
£30. A bronze impeller would raise this to £50. 

For slurries, sewage, sugar beets, fish livers, etc., a special, 
robust type was needed with open impeller and the front 
hinged for easy cleaning. For a 3-in. pump with end 
suction and an efficiency of 1,450 r.p.m. of 45°, the cost 
would be some £110, making allowance also for a high- 
tensile steel shaft sleeved in stainless steel. A tailor-made 
impeller for the same pump would add about 17 to 20% 
to the cost, while if the whole pump was in bronze the 
cost would te doubled. 

For chemical plant handling very corrosive liquids 
pumps could be made of high-silicon iron at an approximate 
cost ratio of 3 to 4. 


Thermal insulation 

Introducing his subject as the ‘Cinderella’ of the 
engineering profession, Mr. J. C. Stainton (National Fuel 
Efficiency Service) said that thermal insulation, or lagging, 
was nevertheless a means of saving money. The extent to 
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which thermal insulation should be carried out was deter- 
mined partly by physical requirements but largely by the 
balance between the cost of applying and maintaining the 
insulation, and the value by way of the fuel saving involved. 

The insulation of factory buildings could produce 
economies, e.g. by making possible reductions in capital 
cost—up to 60°, in some cases—of boiler plant, space- 
heating systems and boiler-house structure. Other econo- 
mies thus obtained included the reduction of preheating 
losses arising from recovery after week-end or overnight 
shut-down, reduction of the heat requirement during 
working periods and reduction of lost production due to 
unsatisfactory working conditions. 

On pipelines, Mr. Stainton drew attention to the practice 
of leaving bare a pipe serving process plant on the grounds 
that it also serves as a space heater. This was wrong, as it 
meant that the pipe was wasting heat during the summer- 
time; the process steam distribution system should always 
be kept separate from the space-heating pipework. 

For insulating a pipe, the economic thickness was that 
thickness at which the sum of the insulation cost and the 
cost of the heat loss over a given period of depreciation is 
a minimum. Mr. Stainton discussed at some length two 
methods of making this calculation as described in British 
Standard’ Specification 1588: 1949, and gave worked 
examples. In one example, an insulating material (K 
0.48) was to be applied to a 6-in.-bore pipe containing 
steam at 500°F. The insulation was required to pay for 
itself in five years, working 8,000 hr. p.a. The steam was 
generated at 70°, efficiency from coal having a calorific 
value of 12,500 B.Th.U./Ib. and costing 100s./ton. Calcula- 
tions showed that the least expense over a period of five 
years would be obtained by applying a 3-in. thickness of 
insulation. 

Mr. Stainton pointed out that 8,000 hr. p.a. represented 
almost continuous operation. When intermittent heating 
was practised a further factor had to be taken into account, 
arising from the storage of heat within the insulating 
material itself. On each occasion that the pipe was heated, 
heat would be added to the insulating material until 
a steady state was achieved, and this would be dissipated 
after the pipe started to cool down. The combined result 
of this factor and the reduced number of hours of service 
would mean that the final increment or increments of 
thickness could not be justified and the economic thickness 
of insulation would be less than for continuous operation. 

On the subject of vessels, Mr. Stainton said that the 
covering of open vessels might be considered as a form of 
insulation. The advantage of this went beyond thermal 
insulation, since, by maintaining the atmosphere above 
the liquid in a saturated condition, excessive evaporation 
was prevented. The method of finishing the insulation of 
vessels should also be considered from the standpoint of 
economy. 
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Discussion 

Mr. J. E. Cran said that in his company they had used 
a method of estimating similar to that described by Mr. 
Asquith, starting with consideration of a flowsheet, and 
it was found necessary to add a contingency to plant items. 

Mr. Asquith said that failure to include a complete 
picture of the number of plant items in the flowsheet led 
to the necessity for making appropriate adjustments to the 
cost of associated pipework, etc. Also, sometimes an item 
appears in the flowsheet as a standard type of equipment, 
but was subsequently found to call for special equipment, 
with a corresponding increase in cost. 

Another speaker pointed out that the contractor’s 
estimate often overlooked the ‘services to contractor’ 
item. The estimate was often based on the provision only 
of skilled labour, and did not take account of unskilled 
labour. The ‘ interest on capital’ should also be included 
in a cost estimate. 

Mr. Asquith assured the speaker that in his company 
there was a system to ensure that no item is overlooked. 
There was a special form to be filled in and which catered 
for all likely items. 

Mr. Lee (British Petroleum) said that a matter that 
had not been discussed was the intricate widespread 
effect of a project on other projects—should this not be 
included in assessing prospects of a particular project ? 

Dr. Woolcock replied that these matters were taken into 
account. For instance, the document submitted to the 
board would show how much old plant capital would 
have to be written off. In the case of a new project providing 
the supply of raw material to another division of the com- 
pany, there was suitable co-operation in the planning 
stage. There was similar co-operation in the event of 
a new plant making obsolete the facilities of another 
division. 

A speaker pointed out that while, on the one hand, Dr. 
Woolcock had indicated a careful assessment of a new 
project from all aspects, on the other hand Mr. Asquith 
had given rule-of-thumb methods of estimating. Would 
Dr. Woolcock accept that method of estimating ? 

Dr. Woolcock replied that a board was concerned with 
estimates at a variety of stages of a project. The quick 
estimate was only a part of the procedure; the type of 
estimate described by Mr. Asquith usually occurred at 
a fairly early point in the contracting stage. The quick 
estimate had its place, but in considering expenditure 
proposals more detailed examination was necessary. 

Mr. Asquith confirmed that the quick estimate was only 
a preliminary procedure. No estimate of this sort would 
normally be put forward by a contractor as a serious 
proposition and as a base for a project. 

Dr. Woolcock was asked whether his board had any 
method of keeping before them during the progress of the 
project any deviations from the original estimate. Dr. Wool- 
cock assured the speaker that any expenditure over the 
estimate had to be answered for. 

Answering a question about a point made in his paper, 
Mr. Stainton said he had not meant to convey that replace- 
ment of lagging for the pipes would be necessary after five 
years; only that extensive maintenance would not arise 
during that period. Lagging would, as a general rule, 
last much longer than five years. 

Answering a further question as to whether it was 
possible to estimate accurately the heat losses from outdoor 
tanks, Mr. Stainton replied that the loss from outdoor 
tanks was subject to so many variable factors (exposure, 
wind velocity, etc.) that the losses could not be determined 
accurately. If the calculations are based on still air con- 
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ditions one can be certain that the economy to be effected 
will not be exaggerated. 

Mr. Kincaid (Hygrotherm Engineering) asked if Mr. 
Stainton could suggest an insulation that could operate 
both above and below ambient temperature, say in the 
region 0 to 400°F. Mr. Stainton’s reply was to the effect 
that it is difficult to put forward a single insulating material 
suitable for the range between 0 and 400°F. This is due 
to the fact that difficulty is experienced in the lower ranges 
when the cold surface of the insulation is below the dew- 
point of the surrounding air and that portion of the insula- 
tion which is below dewpoint tends to become moisture 
laden with the fibrous types of insulation used for the 
higher temperatures. A difficult situation is created, 
particularly if the surface being insulated is of a corrodible 
nature. It is possible to use magnesia throughout the 
temperature range in question, but for low temperatures 
it is essential to provide a vapour-proof finish so that 
atmospheric moisture can be excluded. On the other hand, 
cork is quite commonly used for low-temperature insulation, 
but is unsuitable by its nature for use at temperatures 
above about 180°F. 

Referring to cost figures given in Mr. Thorp’s paper, 
Mr. P. M. Davison (L. A. Mitchell Ltd.) said, while he 
was sure Mr. Thorp had obtained his data from fully 
reliable sources, the prices for acid-resisting pumps seemed 
a little unfair to pump manufacturers, being on the low 
side, especially in view of the fact that most engineers 
require such pumps to be fitted with mechanical seals 
which are themselves fairly expensive. 


Chairman’s conclusions 

Dr. R. Edgeworth Johnstone, who presided over the 
final session of the symposium, reviewed the main points 
that had emerged from the papers and discussion. He 
pointed out that these had covered three main topics: 
cost estimation, cost control and market research. 

Cost estimation had been the predominant topic. It 
was fairly evident that as a science—or even as an art— 
cost estimation was still very much in the empirical stage. 
Nothing much had seemed to emerge in the way of new 
principles and new methods. Dr. Edgeworth Johnstone 
reminded his audience that cost estimation was susceptible 
to statistical treatment and he was surprised that no one 
had yet dealt with the subject on these lines. What was 
needed was an estimate of the reliability of a cost estimate; 
for example, confidence limits. 

Dr. Edgeworth Johnstone said that a useful idea described 
by one speaker (Mr. J. Cran) was the use of a standard 
estimating form. Very often under-estimation occurred 
not so much because of errors in particular items as because 
some item or items had been omitted. 

On cost control, the utility of the ‘ break-even’ curve 
had been confirmed by various speakers. The correct 
allocation of overhead costs was always a problem, and 
Dr. Edgeworth Johnstone mentioned the marginal costing 
system as of interest to engineers. 

Of market research, Dr. Edgeworth Johnstone said that, 
while not so much had been heard about this subject 
during the meetings (no doubt because it lay outside the 
immediate scope of the practical engineer), it was a subject 
that was becoming more important and developing more 
reliable techniques. 

Addressing himself to the graduates and students who 
formed the bulk of the audience, Dr. Edgeworth Johnstone 
advised them to start keeping a notebook in which all price 
information was recorded. In a few years such a notebook 
would become a valuable asset to the chemical engineer. 
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Applications of a General-purpose 
Analogue Computer 


By D. S. Terrett, s.sc. 
(Fairey Aviation Co. Ltd.) 


In the first article of this series, which appeared in October, the various basic units performing 

standard mathematical functions in a general-purpose analogue computer were discussed. These 

units may be arranged by suitable interconnection to solve a wide range of problems in the mathe- 
matical and engineering field, as this article explains. 


ENERAL-PURPOSE computers 

can be used either to analyse 
given equations or to synthesise sys- 
tems. They are in many cases the 
only practical route to a satisfactory 
solution of problems, particularly 
where relationships between variables 
are non-linear or otherwise undeter- 
minable. Typical applications to 
which these computers are being 
applied are: 

(a) Control of chemical and process 
plants. 

(6) Control of nuclear reactors. 

(c) Control of grouped power station 
loadings. 

(d) Analysis and synthesis of non- 
linear servo-mechanisms. 

(e) Synthesis of auto-pilots, naviga- 
tion systems and training aids. 

(f) Vibration and flutter of struc- 
tures, turbine blades, helicopter 
blades, turbo propellers, gear 
teeth and transmission systems. 

(g) Network and filter design. 

(A) Ballistic and flight trajectory 
problems, general problems of 
kinetics and kinematics. 

(¢) Heat flow and diffusion problems 
by simulation and computation. 

(j) Fourier analysis. 

In all these fields where precise 
design is obligatory the computer 
clarifies the problem and reduces the 
cost and time for satisfactory solution. 

In the following paragraphs the 
applications of the general-purpose 
computer are described with particular 
reference to design problems associated 
with the synthesis and automatic con- 
trol of industrial and chemical process 
plant. 
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Setting up a problem 

When using the computer as a dif- 
ferential analyser the given physical 
problem is generally stated in equation 
form together with the values of the 
constants and the expected or relevant 
range of the variables. 

The first step in the preparation of 
the problem for the computer is to 
rearrange the equations to make the 
best use of computing elements, for 
example by the use of implicit com- 
putation where the unknown input 
voltages are treated as if they were 
known, and the desired differential 


equations are set up by means of a set 
of feedback connections. This, for 
instance, allows the use of integration 
units which are more accurate than 
differentiation units. 

The rearranged equations should 
now be represented by computing 
elements drawn in a block diagram 
showing the interconnections between 
the various units. 

It is next essential to establish a 
transformation between the original 
variables in the problem and the volt- 
ages which simulate these in the 
machine. As the machine voltages are 
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generally restricted by design con- 
siderations to a little over 100 v., it ‘is 
convenient to measure the machine 
variables in units of 100 v. If, for ex- 
ample, the maximum excursion of a 
particular variable is 10 units, then it is 
quite safe to allow 10 v. on the machine 
to equal one unit. These dimensional 
coefficients (in this example, 10 volts 
unit) are known as scale factors. 

A facility of the analogue computer 
is that changes of time scale may 
easily be made—that is, a process may 
be speeded up or slowed down—on 
the machine to obtain the best per- 
formance from amplifiers or moving 
mechanical elements such as servo 
multipliers and recorders. A con- 
venient method of setting the time 
scale is to first determine the values of 
coefficient potentiometer settings, then 
adjust the time constants of all the 
integrators to suit the time scale 
chosen. 

The block diagram can now be 
redrawn for the specific problem with 
selected amplifier input resistors, 
potentiometer settings and integrator 
time constants to conform with the 
scale factors and time scale chosen. 

Initial conditions voltages corres- 
ponding to the initial values of the 
variables at time t = o may be injected 
into the appropriate units in the com- 
puter set-up. 

To illustrate these principles let us 
consider their application to the simple 
problem illustrated in Fig. 1. It is a 
mass fixed on the one hand to the 
spring S and on the other to the dam- 
per D which has a non-linear charac- 
teristic of the form K(x + A), where 


Fig. 3. 


both K and A are constants and x the 
distance from the neutral position. If 
the mass M is constrained from the 
neutral position and released at t = o 
the equation describing its motion at 
time t > oa is 


d*x dx 
M72 + K(x + A), + Sx = 0..(1) 
where at f 0 a 0 
dt? 
dx 
— 0 
dt 
x Xo 


Arranging this equation so that the 
highest derivative is on the left-hand 
side: 

d*x K dx Sx 
eal dl a Rela 

If the estimated maximum values 
of the variables in equation (1) are 











d*x . 
| iP 20 ft. sec. 
dx 
1 
ze 10 ft. sec. 
|x] = SR. 


and the machine unit is + 100 v., then 
suitable values of scale factors are 








| 72 
5 v. ft.—! sec.? for | : 
10 v. ft.—! sec. for | 
dt 
20 v. ft.—! for | x| 
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Hence if d2X/dt*, dX/dt and X are the 
machine voltages corresponding to the 
variables d*x/dt”, dx/dt and x, we have 


d*x 1 d2X dx 1 dx 

dt? 5 dt* dt 10 dt 
p: 

and x 0 


Since the multiplication of variables 
is involved in the solution of equation 
(1), the scale factor of the multiplier 
has to be taken into account. Refer- 
ring to Fig. 2, if two voltages a and b 
are multiplied together, the resultant 
output of the multiplier will be 
a < 6/100 volts with 100-v. machine 
unit. 

Substituting in equation (2) for 
d*x/dt®, dx/dt and x, and multiplying 
out we get 


d2X 
dt* 
_ 5K ( X \100 dX 
20M\100/ 10 dt 
_5K ,1 dX _5SX 
M °10 dt 20M 
visin icnty aad ee (3) 
d?X 
dt 
K dX/xX 
~ Se3 (iss) 
ix sas As 
"2M 4 da 4 mM 
Se i la Cee (4) 


Using the method of implicit com- 
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putation (i.e. we assume that we know 
the quantities X and dX/dt), a block 
diagram of the machine set-up may be 


derived using equation (4). This is 
shown in Fig. 3. 

The equation (4) gives all values of 
dial sets and the multiplier shaft 
position. 

In setting up the above problem it 
has so far been assumed that the 
computer is working in real time, that 
is + units of machine time = ¢ units 
of actual time. Sometimes, however, 
it is necessary to change the time scale 
of the problem (slow it down or speed 
it up) for convenience of observation 
or recording. The time scale may be 
established by writing a transformation 
equation relating the machine time to 


actual time, i.e. the independent 
variable in the problem. 
T= ME wcccccccvccs (5) 
i d 
> tls Ee (6) 


From (6) it follows that change of 
time scale may be considered as a 
change of gain on all the integrators. 
For example, if it is desirable to speed 
up the problem outlined in equation 
(4) by 10 times it is only necessary to 
increase the gain of each integrator 
input 10 times; no change of co- 
efficient potentiometer settings is 
necessary as this change of integrator 
gain may be accomplished by reducing 
the value of the feedback capacitor by 
10 times. 

The wiring layout, the coefficient 
potentiometer settings and the gains 
of the various units required to solve 
the above problem have now been 
determined. Before a computer run 
is started, however, it is necessary to 
establish at the output of each inte- 
grator in the problem ‘ set-up ’ a volt- 
age equal to the initial value of the 
machine variable which is to appear at 
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that point. These voltages are shown 
in the problem wiring diagram in 
Fig. 3. 

Having set up the computer in this 
fashion it is possible to determine the 
response of the mass M to various 
inputs—for example, its recovery after 
an initial displacement—and it is pos- 
sible, for instance, by charging poten- 
tiometer settings, to vary the co- 
efficients in the equations to optimise 
the system for minimum overshoot 
and recovery time. Similar investiga- 
tions involving the solution of non- 
linear equations are extremely tedious 
and often impossible if normal manual 
computational techniques are used. 


Simulation techniques 

Although many important design 
problems may be solved using the 
techniques described above,.in some 
cases, however, particularly those 
found in the design of industrial and 
process plant, it is impossible to write 
down a set of differential equations 
describing the whole system. Gener- 
ally the system may be broken down 
into a number of cascaded and paral- 
leled components. These components 
will either have transfer functions 
governing their output and input 


relationship which may be simulated 
with standard computer units in terms 
of voltage, or arbitrary or special 
characteristics which may be simu- 
lated in the computer with function 
generators, multipliers, clamps, dead 
space generators, etc. Having derived 
a method of simulation of each com- 
ponent using computer units, these 
simulated components can be con- 
nected together according to the flow 
diagram of the plant or process, to 
provide an electrical analogue of the 
complete plant. 

As an example let us examine the 
simple process control loop shown in 
Fig. 4. Blocks A and C are different 
parts of the process that may be 
represented with sets of differential 
equations; connecting these is block 
B, which represents the transport lags 
produced by the connections between 
the two sections of the process. D is 
an output sensing device such as a 
thermometer whose output is com- 
pared with a reference F in the error 
detecting device E. The error then 
feeds into a controller, which may be 
a conventional three-term device, 
which in turn operates an actuator 
and control valve G. 

Fig. 5 shows the flow diagram of 
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the plant with the non-linear charac- 
teristics of the components of the 
system illustrated. 

Synthesis of the processes A and C 
comprising two sets of differential 
equations and the transfer functions 
of the detection device and controller 
may be achieved using the standard 
methods of simulation of differential 
equations already described. The 
transport lags B are produced by 
means of the special units described 
in the first part of this series of 
articles. 

The non-linearities of the actuator, 








teristic of the valve (Fig. 7a) may 
easily be represented on the computer 
by a standard diode function generator 
which simulates curves by a series of 
straight-line segments (Fig. 7b). Suit- 
able choice in the break points of the 
segments results in a very accurate 
approximation to the original curve. 
These simulated components can 
now be connected together to form the 
complete synthesised plant. An ex- 
haustive analysis of the system may 
then be carried out on the computer, 
in which variations of component and 
control characteristics may be made 





Es 

















Fig. 6. 


which include backlash and velocity 
limiting, may be set up on the com- 
puter by means of special diode limit 
and dead-space units as shown in 
Fig. 6. Firstly, neglecting the effect 
of the diodes DIA, DIB, D2A, D2B, 
units 1, 2 and 3 are set up to simulate 
the appropriate transfer function of 
the actuator 

E, 1 

E, ] pT, 

Diodes DIA and D1B, however, are 
arranged to provide infinite feedback 
on amplifier 1 if (E, - E,) lies within 
—ég to -+ea; therefore for small 
changes of input £, the output E, 
does not alter. If (E, - E,) is greater 
or less than +-ea or -eq, respectively, 
then diodes DIA and D1B cease to 
conduct and unit 1 becomes a con- 
ventional summing unit. The second 
set of diodes D2A, D2B, which are 
connected to the mid-point of the 
split input resistor in unit 2 and to 
reference voltages +e, and -e, (and 
therefore conduct when the input of 
unit 2 is greater than +e, or less 
than -e,), provide the velocity limiting 
effect. 

The non-linear flow/ position charac- 
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and their effect on the ultimate output, 
the plant stability and the dynamic 
performance. determined. 

These changes, which would be 
extremely costly or time-consuming if 
carried out on the plant, are easily 
and quickly made using the standard 
computer elements; for instance, the 
complete characteristics governing the 
response of a particular valve may be 
changed by altering the settings of 
a few coefficient potentiometers. Fur- 
thermore, the problem time scale may 
be changed and a phenomenon that 
may take several hours to complete 
can be compressed into a few minutes 
or seconds. 

In the next article the application of 
a general-purpose analogue computer to 
a specific problem in the process control 
field will be described. 





Contracts 


A contract for a fully automatic heat- 
ing and cooling plant to be used in the 
manufacture of synthetic resin has 
recently been awarded by V/O. Tech- 
nopromimport, Moscow, to Hygro- 
therm Engineering, London. This is 
Hygrotherm’s first chemical engineer- 
ing project in the U.S.S.R. 

The plant will consist of heat 
generators, circulating pumps and 
control equipment. An organo-silicate 
heat - transfer medium, Hygrotherm 
TAS-190, will be used in the plant. 

* 


A plant costing £800,000 for the 
production of dyestuffs is to be built 
at the works of the Clayton Aniline 
Co. Ltd. at Clayton, Manchester. It is 
due to be completed and in operation 
by mid-1960 and forms part of a 
scheme to modernise the works. The 
plant will be engineered and con- 
structed by Humphreys & Glasgow 
Ltd. to utilise processes held by Clay- 
ton Aniline. 

* 

The United Kingdom Atomic 
Energy Authority announce that con- 
tracts in connection with the advanced 
gas-cooled reactor project at Wind- 
scale have been placed with Whessoe 
Ltd. (reactor vessel), English Elec- 
tric Co. Ltd. (turbo-alternator and 
associated equipment), International 
Combustion Ltd. (heat exchangers), 
Babcock & Wilcox Ltd. (containment 
building), Hick, Hargreaves (dump 
condenser), Mather & Platt Ltd. (feed 
pumps) and Whatlings Ltd. (building 
and civil work). 

In addition, Ewbank & Partners 
have been retained as consultants on 
the turbo-alternators and that part of 
the steam plant within the turbine hall. 
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The AMERICAN Scene 





Vv 


A quarterly summary of recent happenings in the United States 


Americans show ‘nearly unanimous’ 
support of the country’s anti-trust 
policies, even though the precise 
results of anti-trust laws are extremely 
difficult to measure, according to a 
recent survey. It is claimed that one 
important effect of these policies is to 
set up a barrier against the ‘ cartelis- 
ing’ of American industry along 
European lines, while without the 
anti-trust laws there would doubtless 
be more attempts to create mono- 
polies, by merger or otherwise. A 
third contribution of these laws, it 
would seem, is to help maintain both 
equality of opportunity and freedom 
of entry in industry. 

Dr. S. N. Whitney, author of the 
report for the Twentieth Century 
Fund, points out that one ironic effect 
of the anti-trust laws is that progress 
often results from attempts to outwit 
them. He says that while monopolies 
have been shown to possess grave 
defects—ranging from uneconomic al- 
location of productive resources to 
endangerment of free private enter- 
prise and representative government— 
the hope of winning profits which 
certain kinds of monopolistic position 
provide is a driving force for both 
business firm and individual without 
which American economy might well 
stagnate. 

The study finds that significant 
development towards greater com- 
petition in specific industries cannot 
always be ascribed solely to the effects 
of government anti-trust actions. For 
example, it is pointed out that in 1911 
the Standard Oil and American To- 
bacco dissolutions laid the basis for 
the modern development of two 
important industries. The oil decision 
was by no means solely responsible 
for the growth of competition, since 
the westward spread of oil exploration 
was already creating new companies. 
Even in the case of tobacco, it is 
possible that the new type of cigarette 
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which revolutionised the industry after 
1913 might have created competition 
for the trust without the dissolution. 
It is claimed that, at the very least, 
however, the two decisions expanded 
the sphere of competition earlier than 
would have happened under a /aissez- 
faire policy. 


A new type of nuclear power plant 
designed to produce radioactive iso- 
topes and provide facilities for testing 
reactor fuel elements as well as generate 
electricity will be studied by Atomics 
International for the Junta de Energia 
Nuclear, an agency of the Spanish 
government. The contract calls for 
a study to determine the engineering 
and economic feasibility of a multi- 
purpose plant designed to generate 
20,000 kw. of electricity. The plant 
would include a nuclear reactor moder- 
ated by deuterium oxide, or ‘ heavy 
water, and cooled by an organic 
material. A reactor moderator ‘ slows 
down’ neutrons produced in the 
nuclear fission process, helping to sus- 
tain the chain reaction. The coolant 
circulates through the reactor core 
where it absorbs heat from the fission 
process and transfers it to heat ex- 
changers. 

The study will include the prepara- 
tion of a plant description, flowsheets, 
plant layouts, and estimated costs of 
design, construction and operation of 
the plant. Tecnatom, a group of 
private Spanish firms, will participate 
in the study by providing Atomics 
International with specifications and 
estimates on the turbogenerator and 
other facilities for the conventional or 
non-nuclear portion of the plant. 


$ 


The effects of radiation on the con- 
version of coal to methane are being 
studied by chemists and chemical 
engineers at Columbia University, New 
York, using as a source of radiation 


a 20-lb., 1,400-curie block of radio- 
active cobalt-60. Radiation helps to 
break up the coal and catalyses the 
hydrogenation reaction. The project 
is supported by a New York firm, 
Consolidated Natural Gas Co. 

Radiation has been used to crack 
hydrocarbons such as gasoline experi- 
mentally and coal methanation is a 
related problem. The studies at 
Columbia have a long-term goal, how- 
ever, and it might well be 20 years or 
more before any practicable results 
can come from them. 


$ 


A gleaming aluminium structure 
towers 200 ft. above the surrounding 
countryside, about 25 miles south-east 
of Los Angeles in Orange County, 
Calif., as a practical monument to 
chemical engineering achievement. It 
is used for prilling ammonium nitrate 
by Brea Chemicals Inc., a subsidiary 
of Union Oil Co. 

The ammonium nitrate process at 
the Brea plant begins by reacting 
ammonia with compressed air in the 
presence of a platinum-rhodium cata- 
lyst. Nitric oxide produced in the 
reactor is cooled and further oxidised 
with air to form nitrogen dioxide, 
which is absorbed in water to form 
nitric acid. Nitric acid is then com- 
bined with additional anhydrous am- 
monia to form an 83%, solution of 
ammonium nitrate. This solution is 
further concentrated by evaporation 
under vacuum to 95°, ammonium 
nitrate. 

To form the prills, the solution, at 
a temperature of about 250°F., is 
sprayed through nozzles at the top 
of the tower. Passing through the 
tower the ammonium nitrate droplets 
meet an upward draught of air and 
are cooled to about 175°F. They 
solidify into prills which, at this point, 
contain about 5°, moisture which 
must be removed. Three pieces of 
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Link Belt equipment—a_ pre-drier, 
drier and cooler—are used in succes- 
sive stages. The drying and cooling 
process is automatically controlled by 
the use of automatic temperature and 
air volume controls. 


$ 


Plans for the manufacture in Hong 
Kong of the company’s range of indus- 
trial synthetic resins have been re- 
vealed by Reichhold Chemicals Inc. 
As a result of negotiations with pro- 
minent Hong Kong industrialists, a 
new company known as Reichhold 
Chemicals (Hong Kong) Ltd. will be 
established. A new plant, which will 
be Reichhold’s 38th, is expected to be 
in production by the spring of 1959. 


$ 


One of the largest of international 
efforts for the development of a metals 
raw material in an underdeveloped 
industrial area can be seen in the set- 
ting up of a new international cor- 
poration to develop vast bauxite de- 
posits in French Guinea (French West 
Africa) and to produce alumina there, 
as announced by Olin Mathieson 
Chemical Corporation. Known as 
F.R.LA. Compagnie Internationale 
pour la Production de |’Alumine, the 
new corporation involves an estimated 
total cost of $135 million, participation 
by five companies from four nations, 
and plans to build a plant which will 
have an initial capacity of 480,000 
tons p.a. of alumina, but is designed 
for possible expansion to 1,200,000 
tons p.a. 

The F.R.I.A. group consists of Olin 
Mathieson (533°, of ownership); two 
French companies, Pechiney Compag- 
nie de Produits Chimiques et Electro- 





To Authors of Technical 
Articles and Books 


The Editor welcomes practical 
articles and notes on chemical en- 
gineering and related subjects with a 
view to publication. A preliminary 
synopsis outlining the subject should 
be sent to The Editor, CHEMICAL & 
PROCESS ENGINEERING, Leonard 
Hill House, Eden Street, London, 
N.W.1. 

In addition, the Publishers and 
Editors of the Leonard Hill Technical 
Group are always ready to consider 
technical and scientific manuscripts 
with a view to publication. Corres- 
pondence should be addressed in the 
first instance to the Book Production 
Manager, at the above address. 














metallurgiques and Societe d’Electro- 
chimie, d’Electrometallurgie et des 
Acieries Electriques d’Ugine (263°); 
Aluminium Industrie Aktiengesell- 
schaft of Zurich, Switzerland (10°); 
and the British Aluminium Co. Ltd. 
(10%). 


$ 
A British-born scientist, Dr. H. C. 
Brown, who is professor of chemistry 
at Purdue University and an authority 
on the chemistry of boron, has won 
the 1959 William H. Nichols Medal of 
the American Chemical Society’s New 





«- rss te: ei 
Aluminium prilling tower at the Brea 
Chemicals inc. plant in California. 


York Section. The gold medal is 
conferred annually to stimulate re- 
search in chemistry. 

Dr. Brown was co-discoverer of a 
method for the synthesis of boron 
hydride compounds, which can be 
modified to meet the requirements of 
high-energy jet fuels. They also hold 
promise of providing a superior pro- 
pellant for rocket motors and missiles. 
The method devised by Dr. Brown, 
with Dr. H. I. Schlesinger of the 
University of Chicago, was first used 
to prepare boron compounds as part 
of the World War 2 atom bomb pro- 
ject. Since then, the materials have 
been developed further by Dr. Brown 
and their production has been vastly 
expanded for use in portable hydrogen 
generators and in the manufacture 
of drugs, particularly cortisone and 
related compounds. 

A new concept of the chemistry of 
distorted or strained molecules is 
credited to Dr. Brown. He also 
devised a method of measuring the 
degree of strain in molecular struc- 
tures which has become valuable in 
biological and pharmaceutical research. 

Dr. Brown was born in London, 
England, in 1912. 
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The new $1-million metallurgical 
building at the Colarado School of 
Mines, which was opened recently at 
Golden, Colo., will house the entire 
metallurgy option taught at the mineral 
engineering college and will be the 
academic home of nearly 250 students. 
The majority of classes held in the 
new building will be upper-level 
courses. Under the Mines’ intensified 
study programme only the junior and 
senior years are utilised for academic 
training in the specific option areas. 
During the first two years, Mines 
students are required to take a heavy 
basic knowledge study programme, 
including 20 semester hours of mathe- 
matics, 18 of chemistry, 10 each of 
physics and geology, 9 of English, 
8 of civil engineering, 4 of military 
science and tactics and 2 of physical 
education. During his final two years 
the metallurgy student must take at 
least 40 semester hours in that option 
area. 

The major laboratory, a three-storey 
area which utilises the north wing of 
the U-shaped structure, can be con- 
verted as a laboratory and/or class- 
room for nearly a quarter of the metal- 
lurgy courses offered. Bordering the 
78 ft. x 147 ft. laboratory are a crush- 
ing mill, dispensing area, classrooms, 
and permanent installations for hydro, 
electrical and pyrometallurgy courses. 
An overhead crane, which runs the 
entire length and width of the room, 
is capable of lifting and transferring 
a 1}-ton experimental mineral-dressing 
pilot plant which will be stored in an 
area adjacent to the laboratory. An 
additional monorail crane will also be 
used for transportation of raw materials 
to the various laboratory areas. On 
the balcony are six advanced-study 
project laboratories. 

Included in the 50,000-sq.ft. build- 
ing is a 7,000-sq.ft. unfinished labora- 
tory area. This will be placed in use 
as future demands increase. 

Two classrooms, offices for the 
entire faculty, physical metallurgy 
laboratories and a student commons 
occupy the second floor. Conference 
and seminar rooms, smaller classrooms 
for drafting and mill design courses, 
x-ray defraction and spectrography 
laboratories, project laboratories and 
16 graduate offices and laboratories 
occupy the third floor. 

The reinforced concrete and masonry 
building, which is the fourth major 
academic building constructed on the 
campus since 1950, was built on the site 
of the former Hall of Chemistry, con- 
structed in 1880 and razed two years 
ago to make way for the metallurgy 
building. 
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Company News 





Keelavite Hydraulics Ltd. is the new 
name of the company previously 
known as Keelavite Rotary Pumps & 
Motors Ltd. The new name is more 
clearly indicative of the firm’s activities 
and also signalises the amalgamation 
of the several companies which have 
hitherto represented the structure of 
the organisation. The announcement 
of the new name followed close upon 
an increase in the company’s capital 
and the granting of planning permis- 
sion to extend the factory. 

Keelavite Rotary Pumps & Motors 
Ltd. was formed in 1937 to produce 
and market the hydraulic units de- 
veloped by the original company, the 
Keelavite Co. Ltd., and since the war 
the general acceptance of oil hydraulics 
as a means of power transmission in 
every field of engineering has been 
reflected in the rapid expansion of the 
company. 

The board of directors of the com- 
pany now includes Mr. G. V. Keeling 
(chairman), Mr. H. L. Beales, Mr. 
M. D. Bradbury, Mr. N. B. Brookes, 
M.C. (see ‘ Personal Paragraphs ”), Mr. 
A. Downs, Mr. A. G. Le Marchant 
and Mr. F. B. Levetus. 

* 


The oil-cracking plant at the Spon- 
don, Derby, factory of British Celanese 
is to be expanded by approximately 
40°, of present capacity, according to 
an announcement from Courtaulds 
Ltd. The plant produces ethylene 
and propylene and from them a wide 
range of petrochemicals. Work has 
already begun and completion is ex- 
pected in 9 to 12 months. The expan- 
sion will incorporate a very extensive 
use of automatic control and recording 
apparatus. 

Chemical products other than those 
based on petroleum are also manu- 
factured on the same site. These, too, 
are being further developed in accor- 
dance with Courtaulds’ widening in- 
terest in the whole chemical field. 

*x 

Albright & Wilson (Mfg.) Ltd. an- 
nounce an agreement with Hooker 
Chemical Corporation, U.S.A., cover- 
ing the manufacture and sale of Hetron 
resins, polyesters based on Het acid 
(chlorendic acid). Hooker Chemical 
hold patents covering the manufacture 
and use of polyesters based on Het 
acid, and Albright & Wilson (Mfg.) 
now have rights under these patents 
for the whole of Western Europe, 
South Africa, Australia and New Zea- 
land, including the right to sub-license. 
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Price’s (Bromborough) Ltd., the 
Merseyside oleo-chemical manufac- 
turers, have appointed Imperial Chem- 
ical Industries (South Africa) Ltd. to 
represent them for the sale of their 
products in the Union of South Africa, 
Basutoland, Bechuanaland, Swaziland, 
Nyasaland, Northern and Southern 
Rhodesia, Portuguese East and West 
Africa and the Belgian Congo. 

*x 


Three British engineering firms, the 
Power-Gas Corporation Ltd., John 
Thompson Ltd. and Humphreys & 
Glasgow Ltd., have formed a new 
company, Nuclear Chemical Plant 
Ltd., which will be concerned with the 
design and engineering of process and 
treatment plant for the nuclear industry. 

x 


Production of Wingstay ‘S,’ the 
first chemical to be manufactured by 
the Goodyear Tyre & Rubber Co. 
(Great Britain) Ltd., has begun at a 
new plant in the company’s Wolver- 
hampton factory. The new chemical 
is an anti-oxidant for preventing de- 





terioration in rubber and synthetic 
rubber caused by oxidation or the 
effect of exposure. Its especial pro- 
perty is that it is a non-staining and 
non-discolouring anti-oxidant. 

* 


Leading companies in Great Britain 
specialising in rubber and ebonite 
industrial plant linings have formed 
a new product group within the 
Federation of British Rubber and 
Allied Manufacturers. The object of 
the group will be to collect statistics 
of work done in industrial installations 
of all kinds; to exchange and co- 
ordinate technical information on the 
application and use of natural and 
synthetic rubber and ebonite linings; 
and to promote a wider understand- 
ing among the industrial community 
generally of the versatility of rubber 
and ebonite linings. 

Mr. T. H. Brooke, managing direc- 
tor of Redferns (Bredbury) Ltd., a 
member of the Federation’s executive 
committee, has been elected chairman. 
Other firms at present comprising the 
group are: B.T.R. Industries Ltd., 
Dexine Rubber Co. Ltd., Dunlop 
Rubber Co. Ltd., Nordac Ltd. and 
St. Helens Cable & Rubber Co. Ltd. 








SULPHURIC ACID PLANT 
Another sulphuric acid plant, of 180 tons/day capacity, has successfully been 
brought on stream by Chemical Construction (Great Britain) Ltd. for British 
Titan Products Co. Ltd. at Grimsby. 
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INDUSTRIAL 
PUBLICATIONS 


Variable-speed gears. Folder 
GP/8 is the latest addition to the 
current range of technical publications 
on Carter hydraulic infinitely variable 
speed gears, and is a guide to the 
entire range of both ‘A’- and ‘ F ’-type 
gears, including dimensions and rating 
tables. Full details of auxiliary equip- 
ment are given in separate publica- 
tions, copies of which can be obtained 
from Carter Gears Ltd., Thornbury 
Road, Bradford 3, Yorkshire. 


Organic chemicals. A new set 
of four handbooks covers the Bisol 
range of organic chemicals and, being 
protected with PVC covers, is suitable 
for use in laboratories where chemi- 
cals are handled. The four books 
deal, respectively, with Bisol solvents; 
plasticisers and other plastics chemi- 
cals; intermediates and miscellaneous 
chemicals; and methods of testing. 
Each contains a series of short mono- 
graphs, arranged in alphabetical order, 
dealing with the properties, specifica- 
tion, main applications and handling 
of each product. Copies are available 
from The Distillers Co. Ltd., 1723 
Tottenham Court Road, London, W.1. 


Coal-tar products. The West 
German firm, Gesellschaft fiir Teer- 
verwertung mbH. of Duisburg Mei- 
derich, have completely reorganised 
their production programme, and have 
increased the number of products 
catalogued from 58 to 169, including 
50 rare coal-tar constituents, not pre- 
viously offered. An attractive cata- 
logue in colour, setting out the 
analytical details of the various pro- 
ducts, which are numbered for ease of 
reference, is available from the sterling 
area agents, Jacobsen Van Den Berg 
& Co. (U.K.) Ltd., 3/5 Crutched 
Friars, London, E.C.3. 


Nuclear power. The purpose of 
a recent booklet is to highlight the 
importance to British industry of the 
development of nuclear power, to 
explain the structure of the nuclear- 
power industry as at present consti- 
tuted, and to illustrate the way in 
which a nuclear-power station differs 
physically frem a conventional station. 
Scme details are also given of special 
lubrication problems. Copies are 
available free on request to Wakefield- 
Dick Industrial Oils Ltd., 67 Gros- 
venor Street, London, W.1. 

High-density polythene. The 
physical preperties of the five types of 
Rigidex polythene, together with their 
recommended uses and melt index, 
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are described in a technical informa- discussed under this heading. The 


tion sheet. A pamphlet describing the 
use of Cellobond rubber for the re- 
inforcement of neoprene has also been 
issued by the same company, British 
Resin Products Ltd., Devonshire 
House, Piccadilly, London, W.1. 


Conveyor belting is the subject of 
a booklet which outlines and illustrates 
the various types and uses of natural 
and synthetic rubber conveyor belts 
available to industry, and gives in- 
formation (including tabulated data) 
on practical features of design and 
maintenance which have a bearing on 
the welfare and life of the belt. Safe- 
working stresses, belt capacities, belt 
wear and the effects of climatic con- 
ditions are typical of the subjects 
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handbook is by B.T.R. Industries 
Ltd., Herga House, Vincent Square, 
London, S.W.1. 


Self-priming pumps, described 
in a recent brochure, are available for 
chemical pumping duties where the 
pump can be mounted directly above 
the storage vessel; upon shut-down, 
delivery and suction pipes will drain 
naturally into the storage vessel. The 
plant operator can control the pump 
from a distant receiving end of the 
delivery pipe, without the necessity for 
priming the pump or operating valves 
at the suction end of the system. The 
brochure is by British LaBour Pump 
Co. Ltd., Blundell Street, London, 
N.7. 
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Recent British Patents 


physical properties for commercial use, 
was poured from the melt.—800,510, 
E. I. du Pont de Nemours & Co. 
(U.S.A.). 


Separating sludges 


The invention relates to the removal 
of water from sludges, such as coal 
slurries, ceramic muds, paper pulp, 
and the like, in which the solids are 
finely divided. Sludge is deposited on 
a continuous moving belt, which is 
caused to vibrate at a frequency of at 
least 200 cycles/min., preferably 750 
cycles or much more. The amplitude 
of vibration is from 10 to 20 mm. 
The vibratory movement is normally 
vertical but may be horizontal or a 
combination of vertical and _hori- 
zontal. After superficial draining, the 
movement is stated to have the effect 
of continually opening and closing 
pores in the mass of sludge through 
which liquid can percolate, and of 
imparting differential accelerations to 
the solid and liquid components on 
account of their different densities. 

By way of example, a vibrating belt, 
conforming to the invention, of 3 to 4 
m. length, carrying a coal slurry con- 
taining 500 g. solids per litre, de- 
watered the slurry to a final moisture 
content of 9°/,. The belt travelled at 
0.25 m./sec. and vibrated at 3,000 
cycles/min. 

The apparatus, illustrated by three 
sheets of drawings appended to the 
specification, is stated to be suitable 
also for the dry sifting or screening of 
solids.—800,355, H. Halstrick (Ger- 
many). 


Vapour-to-solid condensation 


In condensing substances from the 
vapour to the solid phase, difficulties 
arise from the build-up of very hard 
coatings, difficult to remove, on the 
cool condenser surfaces, with loss of 
heat transmission. If scrapers or other 
devices are used, they may also receive 
heavy deposits of built-up condensate, 
and the plant must periodically be 
shut down to clean them. The present 
invention consists of a condenser pro- 
vided with scrapers which clean not 
only the cooled condenser surfaces 
but also the scrapers themselves. In 
principle, a vertical condenser shell 
has a horizontal cross-section in the 
shape of two abutting circular seg- 
ments, each greater than a semi- 
circle. Within the shell are two 
scrapers, rotating about vertical axes, 
the latter being at the centres of the 
two circular segments. The horizontal 
cross-section of the scrapers has the 
shape of a convex lens. The two 
scrapers rotate in the same direction 
and are spaced angularly by 90° about 
their respective axes. In operation, 
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each scraper continuously scrapes the 
inside of its segment of the shell, and 
intermittently scrapes the surface of 
the other scraper, so that no build-up 
of condensate takes place on the shell 
or scraper surfaces. The process, 
illustrated by two sheets of drawings, 
is applicable to, for example, alumi- 
nium chloride.—800,486, Aluminium 
Laboratories Ltd. (Canada). 


Melting of metals 

The invention relates to the melting 
of metals, such as titanium and its 
alloys, which are reactive with conven- 
tional refractory materials, and also 
with atmospheric gases. It is known 
to use a titanium crucible, having an 
inert atmosphere, into which particles 
of metal are dropped and melted, 
more particles being dropped into the 
pool of molten metal. Since the 
material being melted and that of the 
crucible have the same melting point, 
great care must be taken to avoid 
excessive melting of the crucible, 
especially at the ‘ beach line,’ situated 
at the rim where the surface of the 
molten pool is in contact with the 
crucible walls. Cooling of the crucible 
is necessary at the ‘ beach line,’ especi- 
ally as the heat is radiated from above. 

It is now proposed to add the 


metallic particles to the charge at such - 


a rate as to maintain a pile thereof 
above the surface of the melted metal. 
The addition is continued until the 
whole charge has been introduced, and 
the heating is maintained until fusion 
is complete. The melt is then poured 
from the crucible. 

In example No. | a ‘ skull furnace,’ 
shown in a drawing, was used. It had 
a maximum capacity of about 300 Ib. 
of molten titanium held in a crucible 
of solid titanium of about 4 in. average 
thickness, and 2 in. beach line thick- 
ness. The furnace was heated to about 
2,000°C., power consumption being 
140 kw. A residual amount of molten 
titanium was present. Initially 50 Ib. 
of titanium metal sponge were fed in 
at the rate of 600 lb./hr. Feeding con- 
tinued at 200 lb./hr., maintaining a 
conical pile within the furnace, but 
not in contact with the source of heat. 
When 200 lb. of titanium had been 
added, feeding was stopped and melt- 
ing continued for 30 min. During 
this time the optimum beach line tem- 
perature to maintain a 2-in. side wall 
was 1,250°C. When this had been 
reached, the depth of the molten metal 
pool was estimated, and an ingot of 
187 lb. weight, with satisfactory 


Improved cyclone separator 

In this patent, combination of 
cyclone separation of suspended par- 
ticles in gases with electrostatic pre- 
cipitation in a single apparatus is 
claimed. Hitherto the cyclone and the 
precipitator have operated in series, 
since the gas velocity for the cyclone 
is too high for electrostatic precipita- 
tion. It has been found that conduc- 
tive particles can be agglomerated, 
while remaining suspended, by the 
ionising action of an electric field, 
reaching a size suitable for cyclone 
separation. An insulated negative 
electrode of helical form is situated co- 
axially within a cyclone separator. A 
second electrode may be provided for 
effecting some measure of pre-ionisa- 
tion of the gas or of the particles 
before entering the cyclone. There 
are two sheets of drawings.—800,345, 
W. C. Holmes & Co. Ltd. 


Manufacture of catalysts 

Pellets of catalysts such as alumi- 
nium oxide are liable to attrition in 
moving-bed operations and, some- 
times, to damage by compression in 
beds of substantial depth. Existing 
methods of pelletising the catalysts 
are surveyed. It has been found that 
improved pellets are obtained from 
potentially active but non-gelatinous 
alumina, or the like, in a critically 
fine sub-division, so that the particle 
size is less than 40 microns. The 
preferred method of pulverising is by 
a colloid mill. The powder is then 
moulded by any known method from 
a moist dough from which most of the 
water used in the grinding has been 
evaporated. Generally the moisture 
content is 15 to 35°... To obtain hard, 
dense pellets, a high extrusion pres- 
sure is needed. Before moulding it is 
desirable to mix with the finely 
divided oxide a water-soluble com- 
pound such as aluminium nitrate, 
which is decomposed by heat after 
moulding, yielding a catalytically active 
oxide. 

After moulding, the pellets are dried 
at a relatively low temperature and 
then heat-treated at 500 to 1,500°F. 
for several hours. The process is 
applicable to beryllia, thoria, silica, 
zirconia, Or magnesia, as well as to 
alumina.—800,338, Oxy-Catalyst, Inc. 
(U.S.A.). 
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INDIA 


Blasting explosives 

India’s first commercial blasting 
explosives factory was opened recently 
and will have a capacity of 5,000 short 
tons of explosives p.a. The factory 
has been built by Indian Explosives 
Ltd., a company in which Imperial 
Chemical Industries Ltd., through 
their Indian subsidiary company, are 
in partnership with the Government 
of India. I.C.I.’s Nobel division have 
been responsible for the design, erec- 
tion and commissioning of the plant. 

Power for the factory is available 
from the Bokaro thermal power 
stations, ten miles distant, while one 
of the principal raw materials, liquid 
ammonia, is transported by rail from 
the fertiliser factory at Sindri, 50 
miles away. Glycerine comes from soap 
manufacturers in Calcutta. 


Nitro-glycerine is produced by the- 


Biazzi process, using equipment fabri- 
cated in Switzerland. The factory 
includes plants to produce sulphuric 
acid, nitric acid and ammonium 
nitrate and, in addition, units are pro- 
vided to concentrate sulphuric and 
nitric acids and to denitrate refuse 
acid from the nitration process. Other 
operations include cartridging and the 
packing of finished cartridges. 


HUNGARY 


Shorter hours for dangerous jobs 

Shorter working hours without loss 
of pay have been extended in Hungary 
to more workers engaged on pro- 


The new Indian Explosives Ltd. factory at Gomia, Bihar. Part of the production 


cesses hazardous to health in the 
chemical, foundry and lead-working 
industries. In the chemical industry 
4,600 have so far had their hours 
reduced. A 36-hr. week was intro- 
duced on November 1 in certain 
departments of the Pécs Coke Works 
and the United Chemical Works, 
while a 40-hr. week was introduced in 
various departments of a number of 
other factories, including photographic 
and dye works. 

Workers handling lead in the manu- 
facture of accumulators are to have 
their working day reduced to six or 
seven hours. 


ISRAEL 


New chemical industry 
possibilities 

A report, compiled by the Technical 
Advisory Board (chairman, Sir Ben 
Lockspeiser of the United Kingdom) 
and presented to the Minister of 
Development in Jerusalem, recom- 
mends the establishment of a chemical 
combine in the district of Dimona in 
southern Israel, to exploit the natural 
resources of the Negev. Reviewing the 
mineral deposits of the Negev region, 
the Board declared that the combina- 
tion of light elements and halogens, 
together with phosphorus and alu- 
minium, acquires additional economic 
importance from their close proximity 
in the Negev. They form a natural 
complex and present the opportunity 
of constructing a diversified chemical 
industry. This would give a new look 
to Israel’s balance of payments and 





area where raw materials for explosives are produced 
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would with its supporting industries 
contribute to the development of the 
whole area. 

The Board was unanimously in 
favour of erecting a plant to manufac- 
ture elemental phosphorus by the 
electro-thermal process on the under- 
standing that power would be avail- 
able at a very cheap rate. The report 
also suggests that Israel could by-pass 
the stage of a pilot plant and should be 
able to go immediately into commercial 
production. However, technical and 
commercial know-how ought to be 
acquired abroad. 


GREAT BRITAIN 


New atomic plant decision 

The Atomic Energy Authority have 
decided not to re-start Windscale 
pile No. 2. The cost of the measures 
which Sir Alexander Fleck’s technical 
evaluation committee recommended 
should be taken before restarting pile 
No. 2 would be in the region of 
£500,000. If this cost was incurred 
and the pile restarted, the plutonium 
produced over the estimated remaining 
life of the pile would be extremely 
expensive. Plutonium is now being 
produced in substantial quantities 
from the Calder Hall reactors, and 
the Chapelcross reactors will come 
into operation over the next year. 

The fuel will now be discharged 
and reprocessed for other uses; equip- 
ment will as far as possible be removed, 
and certain of the buildings will be 
useful for experimental purposes, 
saving expenditure which would other- 
wise have been necessary. 

The conclusions of the Fleck com- 
mittee, following the enquiry into the 
accident at Windscale in October 
1957, were briefly summarised in 
CHEMICAL & PROCESS ENGINEERING, 
1958, 39 (8), 267. 


CHINA 


Phosphate fertilisers 

Two phosphate fertiliser plants in 
Nanking and Taiyuan with a total 
annual capacity of 600,000 tons have 
gone into production. The plants 
were designed by Chinese engineers 
with Soviet assistance. In Yunnan 
province a fertiliser plant has begun 
construction and will go into partial 
operation in 1959. It will have an 
annual output of 100,000 tons of 
synthetic ammonia, 200,000 tons of 
double superphosphate and 100,000 
tons of fused calcium magresium 
phosphate. All these projects are part 
of the scheme to build 66 small- and 
medium-scale chemical fertiliser fac- 
tories and 17 large-scale factories in 
1958. 








AUSTRALIA 


Sulphate of ammonia production 

Investigations into the establishment 
of an industry to manufacture sulphate 
of ammonia from pyrites stockpiled at 
Mt. Morgan in Central Queensland are 
proceeding. Queensland uses large 
quantities of sulphate of ammonia for 
the sugar and fruit growing industries 
and experiments are being conducted 
for its use in connection with pasture 
improvement. It is claimed that sul- 
phate of ammonia can be manu- 
factured from Mt. Morgan pyrites 





- hil 2 che 
Touring the new Reichhold formalde- 
hyde plant at Hamburg recently were 
(left to right) Mr. H. Reichhold, presi- 
dent of Reichhold Chemicals inc., 
U.S.A.; Mr. R. Zeiss, general manager 
of Reichhold Chemie A.G.; and Mr. 
H. List, general manager, engineering 
and construction, of Reichhold Chemie. 





at £10/ton less than that which is 
imported, and this is an important 
consideration for Queensland’s agri- 
cultural industries. It is estimated 
that the cost of establishing a plant 
at Mt. Morgan for manufacturing 
sulphate of ammonia would be in the 
region of £9 million. 


Fluorine and barium chemicals 

The Consolidated Zinc Corp. Ltd. 
is extending its plant for the pro- 
duction of fluorine-based refrigerant 
and aerosol propellants, and will also 
expand its production of barium 
chemicals for which the demand is 
steadily increasing. 


PORTUGUESE EAST AFRICA 
Oil refining plans 

It was recently announced that the 
Minister for Overseas Territories in 
Lisbon was studying a project for the 
building of an oil refinery in Lourenco 
Marques. The instigators of this 
scheme are the Sociedade Nacional de 
Petroleos of Lisbon. The refinery 
would have an initial capacity for pro- 
cessing 200,000 tons p.a. of crude oil 
which would later be stepped up to 
500,000 tons. It is envisaged that a 
capital of Contos 50,000 would have 
to be subscribed for this enterprise. 


BELGIUM 

Paints and lacquers project 

A plant to manufacture Du Pont 
paint products will be built in Belgium. 
The plant will be operated by Du Pont 
de Nemours (Belgium) S.A., which 
will be formed in the near future as 
a subsidiary of E. I. du Pont de 
Nemours and Co. Inc. This will be 
Du Pont’s first plant in Europe since 
the war. 





Technology Notebook 


Chemical engineering at Imperial 
College 

The Imperial College of Science and 
Technology, London, has issued its 
1959-60 prospectus in the form of 
a 60-page illustrated booklet which 
gives full information about the Col- 
lege, its aims and scope, courses 
available, etc. The Department 
of Chemical Engineering, under the 
direction of Prof. D. M. Newitt, M.c., 
offers a three-year undergraduate 
course or a one-year postgraduate 
course which is open to graduates with 
a first degree in chemistry, physics, 
mathematics or engineering and leads 
to the D.I1.c. 

An important activity of the depart- 
ment is research in the fields of 
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chemical engineering, chemical phy- 
sics and other related branches of pure 
science, fuel technology, refractories, 
combustion, furnace technology, high- 
pressure technology and low-pressure 
technology, leading to the M.sc. and 
PH.D. degrees and D.I.C. 


Powder metallurgy of ceramic- 
metal materials 

A symposium on the above subject 
is to be held at Church House, Lon- 
don, S.W.1, on December 16 and 17. 
Further information is available from 
the Institute of Metals, 17 Belgrave 
Square, London, S.W.1. 


Training for safety 
Courses of interest to the chemical 
industry are included in the 1959 pro- 
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*‘ What’s the drill now?’ 





gramme for the Industrial Safety 
Training Centre operated by the 
Birmingham and District Industrial 
Safety Group. One course is designed 
for supervisory grades in the chemical 
industry and includes a general review 
of accident prevention in industry with 
the particular hazards of the chemical 
industry dealt with by specialists. 
Another course is intended to interest 
junior executives concerned with plant 
design, materials handling, ventilation, 
effluent disposal and the like. There 
is also a one-day course for executives, 
personnel officers, foremen and others 
whose duties include the oversight of 
accident prevention. 


Research on oil products 


The new Esso research laboratories, 
opened recently near Abingdon, Berks., 
and built and equipped at a cost of 
some {£1 million, employ over 300 
technologists on research into the 
quality of petroleum products and 
research aimed at discovering new 
products and new methods of manu- 
facture. This new centre is one of 
a chain of world-wide Esso research 
installations which together spent over 
£20 million last year on research. 

The laboratories are ahead in their 
use of radioactive engine components 
as large as cylinder liners for studying 
the effect of lubricant quality on engine 
wear. Their equipment also includes 
apparatus for determining sulphur 
content by radioactivity using tritium 
as the source of gamma rays. 


Towards analytical progress 

The Society for Analytical Chemis- 
try will receive £100 for the next three 
years from the Dunlop Rubber Co. 
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Personal Paragraphs 





* Mr. L. H. Williams, a member 
of the main board of Imperial Chemi- 
cal Industries Ltd., and Dr. John 
Avery, chairman of its dyestuffs 
division, have been appointed directors 
of Ilford Ltd. 


* Mr. R. C. Agabeg has been ap- 
pointed assistant sales manager of the 
chemicals division of Union Carbide 
Ltd. He was formerly employed with 
the sales development group of Mon- 
santo Chemicals Ltd., and more 
recently as assistant development 
manager of the plastics division. 


%* The National Coal Board announce 
the appointment of Mr. D. Hicks to 
be Carbonisation and Scientific Direc- 
tor of their East Midlands Division, 
with special responsibility for the 
technical aspects of coal utilisation. 
The appointment will be on a part- 
time basis and Mr. Hicks, who is at 


present Director of Scientific Control ° 


at National Headquarters, will con- 
tinue to be responsible for the Field 
Investigation Group and certain aspects 
of research on pneumoconiosis. 


%* Staff changes at the Atomic Energy 
Research Establishment, Harwell, 2n- 
nounced by the United Kingdom 
Atomic Energy Authority, include the 
appointment of Dr. J. V. Dunworth, 
formerly Head of Reactor Division, 
as Assistant Director (Reactor Research 
Policy). In this post he will be special 
adviser to the Director of Harwell. 
He is succeeded as Head of Reactor 
Division by Mr. T. M. Fry, who has 
been a deputy Head of the Reactor 
Division. 

* Dr. D. T. A. Townend, c.B.£., 
director-general of the British Coal 
Utilisation Research Association and 


past president of the Institute of Fuel, 
recently became the first British 
recipient of the Gold Medal of the 
Institut Fraincais des Combustibles 
et de l’Energie, at a ceremony held 
in Paris. 

%* Following upon the adoption of 
their new name (noted elsewhere in 
this issue), Keelavite Hydraulics Ltd. 
announce that Mr. N. B. Brooks, 
M.C., has recently joined their board of 
directors. He brings with him a wide 
knowledge of industry and finance, 
and is vice-chairman of Richard 
Johnson & Nephew Ltd. He was 


formerly chairman of the Bolsover 
Colliery Co. Ltd. 


* Mr. H. P. Lord, a.F.c., general 
sales manager of Sigmund Pumps Ltd., 
has been appointed to the board. 


* Mr. R. A. Millar Craig has been 
appointed general works manager for 
the new factory which is now under 
construction by Carbide Industries 
Ltd. at Maydown, Londonderry (a 
unit of the chemicals division of the 
British Oxygen Co.). 

* Mr. H. N. Adams has been 
appointed to succeed the late Mr. 
W. N. McCann as branch manager 
of Silvertown Rubber Co. Ltd. at 
Broughton Bridge, Blackfriars Road, 
Manchester 3. 





Seen here at a reception held in London recently by Chemical Construction 

(Great Britain) Ltd. are, from left to right, Mr. J. H. Curtis, president, Chemical 

Construction Corp., U.S.A.; Mr. G. G. Walker, president, Electric Bond & Share 

Co., U.S.A.; Mr. W. Leonard Hill, chairman, Leonard Hill Ltd.; and Mr. P. D. 
Doulton, Matthew Hall & Co. Ltd. 





Britain’s biggest-ever display of 
anti-corrosion methods and materials 
will be staged in London next April. 
It will be the 1959 Corrosion Ex- 


hibition in the Royal Horticultural° 


Society’s New Hall, Westminster, 
where, for four days from April 27, 
69 exhibitors will show and demon- 
strate all that is new in the battle 
against corrosion. 

The first Corrosion Exhibition was 
held in October 1957 and attracted 
8,000 visitors. The organisers, the 
technical journal Corrosion Technology, 
have planned an even better show for 
1959. Nearly 20,000 sq. ft. of floor 


Biggest-ever corrosion show planned 


space will be used to show a complete 
range of anti-corrosion products in- 
cluding anti-corrosion fluids, cathodic 
protection, cements, coatings and lin- 
ings, conduits, corrosion prevention 
tapes, corrosion-resistant metals, de- 
rusting tools, epoxy resins, finishing 
processes, fuel additives, galvanising, 
industrial glassware, industrial por- 
celain, metal finishing, metal spraying, 
non-ferrous metals, paints, painting 
contractors, plastics, rubbers, valves, 
water treatment, wrappings and zinc 
products. 

All enquiries about the exhibition 
can be answered by the Exhibition 
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Organiser, Corrosion Technology, Leo- 
nard Hill House, Eden Street, London, 
N.W.1. Telephone Euston 5911. 





Fluidised conveyor 


In the article on ‘ Pneumatic Hand- 
ling of Bulk Materials’ by W. Farn- 
worth which appeared in our Sep- 
tember issue, the word ‘ air-slide’ 
was used inadvertently in referring to 
a fluidised conveyor. Apologies are 
due to Fuller Co., U.S.A., who are 
the sole registered proprietors of the 
Trade Marks Airslide and F. H. Air- 
slide, and to Constantin (Engineers) 
Ltd. who are the sole registered users 
in the U.K. 
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UN DUS WIRY 
REPORWS oo 


Fertilisers and raw materials 


The new nitrogen factory of Fisons 
Ltd. at Stanford-le-Hope is nearing 
completion and should be in opera- 
tion early in the new year. The factory 
will produce 140,000 tons of ammo- 
nium nitrate p.a. which will be 
despatched in the form of a hot solu- 
tion, of 86°, concentration, to the 
company’s existing fertiliser works, for 
the production of concentrated com- 
pound fertilisers. During the year a 
second sulphuric acid plant was com- 
missioned at the Immingham factory, 
reported Sir Clavering Fison, chair- 
man of the company, in his review for 
the year. 

In his review, Sir Clavering referred 
to the reduction in prices for fer- 
tilisers which the company was able 
to make through the fall in cost of 
some of the raw materials, in par- 
ticular phosphate rock. He pointed 
out that the failure of the North African 
phosphate rock prices to fall further 
has been occasioned by the existence 
of a monopoly selling organisation 
which it was hoped that the develop- 
ing buyers’ market in Western Europe 
would break down. Sulphur, too, fell 
in price due to competition between 
American and Mexican producers, and 
to lower freights. There was, however, 
a small increase in the price of sulphate 
of ammonia in Octokter, 1957. 

In general, supplies of raw materials 
appeared to be freely available, though 
phosphate rock from North Africa 
continued to give some anxiety owing 
to the political situation there. Further- 
more, North African rock was still 
uncompetitive in comparison with 
American rock. However, Sir Claver- 
ing said, new sources of supply will 
be available in Africa within a few 
years and there will also be available 
increased supplies from the U.S.A., 
and perhaps from Russia, which should 
ensure that requirements are met. 

There was a rise of £2,158,000 in 
1958 in the net amount of fixed assets 
of the Group. 


More gas from oil 

The amount of gas made from oil in 
Britain is still increasing, as is re- 
vealed in statistics just issued by the 
Gas Council for April, May and June, 
1958. Gas production was nearly 1°%, 
higher than during the same period of 
the previous year, coal-gas manufac- 
ture being reduced by 5°, but water- 
gas made being 35°, higher. Oil-gas 
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production increased from just over 
1.8 million therms in April-June 1957 
to 7.1 million therms in April-June 
1958. 

New gas-making plant of 30 million 
cu. ft. daily capacity was brought into 
use during the first quarter of 1958/59. 
This compares with 12.9 million cu. ft. 
in the first quarter of 1957/58. 


Bright prospects for nickel 

It is estimated that in 1958 the 
grades of stainless steel that contain 
nickel will be found to account for a 
greater percentage of the total stain- 
less steel output than in any other year 
during the last decade, according to 
the chairman of the International 
Nickel Co. of Canada Ltd., Dr. J. F. 
Thompson, reviewing the first nine 
months of 1958. Dr. Thompson said 
stainless steels represent the largest 
single market for nickel and it is a 
market that does not depend to a 
major extent on any particular applica- 
tion. Uses are so diversified that the 
requirements for nickel in stainless 
steel will increase without being unduly 
sensitive to trends in particular appli- 
cations or industries. 





The Leonard Hill 
Technical Group—December 


Articles appearing in some of our 
associate journals this month include: 


Manufacturing Chemist—Grind- | 
ing and Grinding Machinery; Veteri- 
nary Antibiotic Preparations; . Recent 
Developments in Gas Chromato- 
graphy, 2; Olfaction, A Comparison 
of Homogeneous and Heterogeneous 
Adaptations. 

Atomic World—Construction 
Work on the Berkley Nuclear Power 
Station; Selecting Nuclear Power 
Station Sites; Special Density Con- 
crete for Shielding; High Vacuum , 
for Nuclear Industry; Nuclear Energy 
in Sweden. 


Automation Progress-—Inspec- 
tion after Machining; A New Auto- 
matic Sizing System; Automatic 
Gauging; Remote Control ,in the 
Soviet Gas Industry; Instrumenta- 
tion and Control of Ice-cream Manu- 
facture; Control Without Mathe- 
matics. 

Paint Manufacture—Resin 
Manufacture by Induction Heating; 
Epoxide Resins versus Corrosion; 
I.C.I. Marine Research Laboratories 
at Brixham; Testing Marine Paints. 

Food Manufacture—Mcechanisa- 
tion in the Cheese Industry; Measure- 
ment of the Colour of Evaporated 
Milk; Mushrooms by the Million; 
The Bacterial Population of Fresh, 
Healthy Cucumbers. 

Corrosion Technology — Deter- 
mining the Corrosion Aggressiveness 
of the Atmosphere; Corrosion Prob- 
lems with Pressure Vessels; Rubber 
and Ebonite-lined Storage Tanks. 














A.B.C.M. Council for 1958-59 


The Council of the Association of 
British Chemical Manufacturers for 
1958-59 will include: president, Sir 
Walter Worboys (I.C.I. Ltd.); vice- 
presidents, Dr. F. H. Carr, C.B.£.; 
Sir Roger Duncalfe; Dr. E. V. Evans, 
0.B.E.; Sir Graham Hayman (Distil- 
lers Co. Ltd.); Sir Harry Jephcott 
(Glaxo Laboratories Ltd.); Mr. C. F. 
Merriam, M.c.; Mr. L. P. O’Brien 
(Laporte Chemicals Ltd.); and Mr. 
G. F. Williams (British Drug Houses 
Ltd.). 

Elected members include: chair- 
man, Mr. B. Hickson (Hickson & 
Welch Ltd.); vice-chairman, Sir Wil- 
liam Garrett, M.B.E. (Monsanto Chemi- 
cals Ltd.); and hon. treasurer, Mr. 
J. L. Harvey, M.B.E., D.L. (Fullers’ 
Earth Union Ltd.). 


MISE LUNGS 


Institution of Chemical Engineers 


December 10. ‘ Chemical Engineering 
as Applied to the Manufacture of Anti- 
biotics,’ by J. Stuart, 6.30 p.m., College of 
Technology, Birmingham. 

December 17. ‘ Liquid Distribution in 
Grid Packings,’ by J. W. Mullin, 5.30 
p.m., Geological Society, Burlington House, 
London, W.1. 

January 6. ‘Feed Water and Boiler 
Water Standards in the Central Electricity 
Generating Board,’ by R. LI. Rees and 
F. J. R. Taylor; ‘ The treatment of Water 
for an Industrial High-Pressure Industrial 
Boiler Plant,’ by J. Arthurs, J. A. Robins 
and T. B. Whitefoot; 5.30 p.m., Geological 
Society. 





Society of Chemical Industry 
Chemical Engineering Group 
December 9. ‘ Some Aspects of Radia- 
tion-Induced Chemical Processes,’ by Dr. 
R. Roberts, 6 p.m., Society of Chemical 
Industry, 14 Belgrave Square, London, 
S.W.1. 


Chemical Society 


December 12. ‘ Silicones: An Introduc- 
tion to their Chemistry and Applications,’ 
by Dr. G. G. Freeman, 7.45 p.m., Maris- 
chal College, Aberdeen. Joint meeting 
with the Royal Institute of Chemistry and 
the Society of Chemical Industry. 


Society of Instrument Technology 


December 12. ‘pH Measurement and 
Control,’ by J. W. Broadbent, 7 p.m., 
Regent House, St. Phillip’s Place, Colmore 
Row, Birmingham 3. 


Incorporated Plant Engineers 
December 11. ‘Atmospheric Pollution,’ 
by B. Richardson, 7 p.m., Roadway House, 
Oxford Street, Newcastle-upon-Tyne. 
December 17. ‘ Treatment of Trade 
Effluents and Methods of Purification,’ by 
T. Waldmeyer, 7 p.m., Kings Head 
Hotel, High Street, Rochester, Kent. 


Institution of the Rubber Industry 

December 12. ‘ Some Radiation Effects 
on Rubber,’ by E. E. Gunn, 7.30 p.m., 
Bell Hotel, Leicester. 
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Flange spreader 


Quick and safe opening of bolted 
pipe flanges, without causing damage 
to the faces of the flanges, can be 
achieved by the use of a flange spreader 
announced by the Borer Engineering 
Co. Other advantages claimed are that 
there is no danger of explosion or fire 
due to sparks, flanges can be safely 
held apart at a required distance to 
enable workmen to clean or prepare 
the joint, and that the device can be 
used in small confined spaces. 

It is used by removing the bolts, 
inserting the pin of the spreader in 
a bolt hole, and inserting the wedge 
between the flanges by tightening the 





Bolted-pipe flange opener. 


drive screw. Prototypes tested on oil 
pipelines were used in pairs mounted 
diametrically. 

Fabricated from mild steel with 
nickel chrome steel driving screw, 
wedges from tool steel, hardened and 
tempered, the spreaders can be made 
to suit all sizes of pipes. CPE 1068 


Hot air drying cabinet 


A pilot-scale drying cabinet has been 
designed by L. A. Mitchell Ltd. to 
meet the need for a flexible processing 
unit for drying and preheating pow- 
dered and granular materials. The 


unit is standardised on a loading 
capacity of 10 drying trays, size 32 in. 
by 16 in. and 1} in. deep. All the 





Cabinet for drying and preheating 
powdered and granular materials. 


trays are arranged at a convenient 
working height and the bottom tray is 
positioned at approximately 20 in. 
from floor level. New features include 
extruded door seals, eliminating air 
leakage at this point. Special car-type 


* Equipment 
* Materials 
* Processes 











door handles are designed to give posi- 
tive closure and pleasing appearance. 
The unit is provided with a variable 
air-velocity control, extending between 
definite limits, and the velocity can be 
adjusted through a single knob control 
mounted on the front of the cabinet. 
Air inlet and outlet vents are fitted 
with very fine adjustment, giving maxi- 
mum control over the quantity of air 
introduced and rejected from the 
unit during processing. All these 
controls are provided with positive 
stop settings and clearly engraved 
scales to permit reproduction of pre- 
viously determined test conditions. 
This model has completely auto- 
matic temperature control up to 200°C. 
on the electrical type and according to 
steam pressure on the steam-heated 
type. The instruments can be cali- 
brated to suit particular requirements. 


CPE 1069 


Pressure regulator 


A pilot-controlled air pressure regu- 
lator model 20AA, made by Shipston 
Engineering Co. Ltd. for their asso- 
ciates, C. A. Norgren Ltd., is claimed 
to have greater capacity with closer 
control of pressures in the ? to 1-in. 


pipe size than many other types. It 
offers extreme precision over a wide 
operating range, from 2 to 120 p.s.i. 
It delivers more than 200 cu.ft./min., 
and utilises air pressure for control of 
delivered air. CPE 1070 


PVC tubing 


Flexible and rigid PVC tubing and 
sleeving, known as Telecovin, is being 
produced by the Telegraph Construc- 
tion & Maintenance Co. Ltd. It is 
made in black or white, in colours, or 
in transparent form for the observation 
of flow. There is a standard type and 
a type made from a PVC compound 


suitable for use in contact with drink- 
ing water, milk, beer, etc. 

The tubing is claimed to have excel- 
lent chemical resistance and can be 
used for the conveyance of inorganic 
chemicals in solution. Tubing is made, 
in the main, to specification, with an 
upper limit of ? in. bore. CPE 1071 


Flowmeter 


A new design of indicating Flow- 
rator, model 2700, eliminates the use 
of stuffing boxes and packing glands 
by the use of rubber ‘ O’ rings which 


seal the tube ends to the metal end 
fittings incorporated in the metal body. 
This body is an assembly of mild-steel 
pressings obviating the need for bolts 
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and screws. Advantages claimed for 
this new instrument include: 

(1) The metering tube is completely 
isolated from pipeline stresses. 

(2) Metering tubes can be snapped 
in without the use of tools and without 
disconnecting or disassembling the 
meter. 

(3) Range changing and cleaning 
are reduced to. simple quick routines 
which may be accomplished without 
removing the instrument from the line. 

(4) The meter withstands high 
pressures. 

(5) The meter is inherently simple 
in design and the necessity for main- 
tenance is reduced to an absolute 
minimum. 

Different in appearance from the 
model 100 Flowrator by the same 
makers (Fischer & Porter), the model 
2700 retains all the features of the 
earlier model, including wide-angle 
toughened-glass viewing windows, 
fitted front and rear; fully rotatable 
end fittings; reproducible metering 
tubes and floats giving a predictable 
calibration performance. CPE 1072 


Flow quantity measurement 


A new accessory, introduced by a 
British company, is a flowmeter which 
measures the actual quantity of liquid 
being pumped, and not the rate of 
flow. The flowmeter is available in 
two sizes, 34 in. or 5 in. diam. 

Constructed of die-cast alloy, it will 
withstand normal industrial usage, and 
also contains a built-in easily cleaned 
filter and non-return valve. It has been 
designed for use with thin mineral oils 
or liquids of a similar nature, and a 
modified unit suitable for use with 
solvents will be available shortly. 

A similar unit is suitable for use 
with heavy oils, water, acids, food- 
stuffs, etc. Makers are the British Cen- 
tral Electrical Co. Ltd. CPE 1073 


Improved arc-welding 
equipment 

The Autopak automatic arc welding 
equipment introduced by Rockweld 
Ltd. has now been modified and im- 
proved, enabling its uses to be con- 
siderably extended. The main addition 
is a boom-mounting for the self-pro- 
pelled carriage. This boom is 20 ft. 
long, and can te mounted at varying 
heights on a wheeled ‘A’ frame. 

The unit, it is claimed, will make 
butt, fillet and lap welds up to 17 ft. 
6 in. long at any desired height above 
floor level. It can be used as a manual 
welder, and at the same time can be 
extended to any fully automatic 
operation. CPE 1074 
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Chromatographic instrument 


A new chromatographic refracto- 
meter which should reduce research 
time by 75°%, has been manufactured 
by the Phoenix Precision Instrument 
Co., U.S.A. Once the test is started, 
the analysis continues unattended. 
Operation is possible by inexperienced 
personnel, and a range-extension sys- 
tem allows setting the scale indicator 
without changing cells, without up- 
setting zero, and with no sensitivity 
loss. Only one dial adjustment is 
necessary. This null type instrument 
is designed for continuous working at 
115 volts 60 c/s a.c. CPE 1075 








SAFETY SUIT 


Shown here is the R.F.D. Opal suit, 
Mark I, developed by the industrial 
safety division of R.F.D. Co. Ltd., in 
co-operation with the chemical industry. 
The suit seals off its wearer from toxic 
fumes, vapours and dust, the wearer 
receiving a supply of cool fresh air to 
all parts of his body through an external 
pipeline. The air supply is regulated by 
the wearer, air entering the suit at waist 
level and being exhausted through non- 
return valves in the arms and legs of the 
suit. The suit is made from a strong, 
lightweight PVC-coated Terylene fab- 
ric, with the hood in transparent PVC 
sheeting to allow 360° vision, and the 
hands and feet of the suit are sealed off 
with PVC, over which suitable gloves 
and boots can be worn. The suit is avail- 
able with or without an integral Tery- 
lene webbing lifting harness, which 
allows an unconscious operator to be 


lifted vertically to safety. CPE 1076 
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IMMERSION HEATING 
OF ACIDS 


A safe and economical method 
of heating acidic liquids is offered 
by Vitreosil electric immersion 
heaters, now available in a de- 
mountable model with rubber or 
PVC cap. The envelope of pure 
fused silica is claimed to be com- 
pletely unaffected by all acids, 
except hydrofluoric and phos- 
phoric, even up to the highest 
temperatures. 

By designing a two-piece 
moulded cap, it has been possible 
to simplify the servicing of these 
heaters. When used for con- 
tinuous processing, replacements 
can be made in a few minutes. 

The unit consists essentially of 
an inner cylindrical component 
carrying the heating element con- 
nected to a cable through the cap. 
This inner component rests on 
a pad of asbestos at the bottom of 
the containing sheath. The 
moulded rubber or PVC cap and 
the electric cable are firmly 
bonded together and no damage 
can be caused by sharp bending 
of the cable. An internal earth 
wire is incorporated in every unit 
and the incorporation of an earth 
leakage circuit breaker ensures 
maximum safety. 

The new demountable top 
applies to all the standard heaters; 
heaters of other shapes are avail- 
able to suit special requirements 
—for instance, flat-loop heaters 
with vertical arms. Single-phase 
heaters can be star connected 
externally to operate from three- 
phase supplies. Makers are the 
Thermal Syndicate Ltd. 





CPE 1077 








High-impact PVC piping 
High-impact PVC piping is being 
manufactured by Extrudex Ltd. in 
diameters from } to 12 in. The piping, 
made with Geon RA 170, supplied by 
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Moulded high-impact PVC fittings. 
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COMPRESSING BULK 
MATERIALS 


This machine, the purpose of which is 
to increase the bulk density of materials, 
chiefly powders, and so save on packag- 
ing and storage, comes from Western 
Germany and ts introduced to the U.K. 
by Peter Millbrook Ltd. As an example 
of its use, Aerosil is said to increase in 
density from between 15 and 30 to 120 
g./cu.dm. Another example given 1s 
yellow iron oxide, the increase being 
from 150 to 400 g./cu.dm. Savings 
result in packaging and storage. The 
machine is continuous in operation, and 
is generally installed before packing 
machines. Two sizes are available, 
according to the duty required. 


CPE 1078 





British Geon Ltd., is non-corrodible, 
can withstand heavy blows and is one- 
fifth the weight of steel pipe. It is 
self-coloured and needs no painting. 

A new range of pipe fittings in the 
same material makes possible the con- 
struction of complicated pipeline sys- 
tems entirely in high-impact PVC. 

CPE 1079 
Oil diffusion pump 

A high-speed, 3-in. diffusion pump 
has been developed for use in labora- 
tory and small industrial vacuum 
applications. 

The pump body is a water-jacketed 
cylinder of non-corrodible copper 
alloy, enclosing an aluminium three- 
stage jet system, while a readily detach- 
able heating unit, comprising a metal- 
sheathed radiant element, lagged in a 
polished aluminium cover, is fitted to 
the base of the pump. 

Metropolitan-Vickers Electrical Co. 
are the makers. CPE 1080 


Steam and hot-water boilers 


A new range of Economic boilers 
has been developed by Frederick Kay 
(Engineering) Ltd. Complete with 
medium-pressure-air heavy oil bur- 
ners, together with usual mountings 
and automatic controls, two-pass and 
three-pass units are available in sizes 
from | million to 10 million B.Th.U. 
hr. CPE 1081 
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Cylinder-operated valves 


A new range of cylinder-operated 
valves is designed to ensure positive 
movement of the valve member under 
extremes of operating conditions. 
Single- or double-cylinder-operated 
valves for two-way, three-way or four- 
way operation are available in ;, and 
}-in. sizes. A feature of these valves 
is the large piston area provided by the 
cylinder, giving a greater thrust to the 
valve sliding member—a safeguard 
against out-of-sequence operation re- 
sulting from, for example, adverse 
weather conditions. 


As an example of the successful 
application of cylinder-operated valves, 
Maxam Power Ltd. cite the case of an 
installation handling china clay slurry 
in an exposed moorland area where, 
in winter months, early-morning tem- 
peratures are often well below freezing 





point and there is a tendency for con- 
trol equipment to operate slugglishly, 
particularly after the plant has been 


idle overnight. A Maxam 4-in. bore, 
double-acting air cylinder is now used . 
to operate tee-port valves in the 6-in. 
pipeline. The controlling valve situated 
immediately below the cylinder is one 
of the new Maxam range and is 
cylinder-operated in both directions. 
CPE 1082 





Four-way cylinder-operated vatve. 


Stoneware fume cupboard 


Produced in Germany and available 
through Anderman & Co. Ltd., Lon- 
don, the Godei acid-proof, white- 
glazed stoneware fume cupboard offers 
a safe means of handling chemicals i in 
analysis and similar work. 

Features of these units, — 
to the makers, are (a) the attainment 
of pure air in laboratories and work- 
shops owing to practically perfect 
absorption of gases and fumes; (6) 
easy installation and connection, even 


if no de-airing piping is available; (c) 
removal of gases and fumes by means 
of a plastic exhaust fan; (d) easy 
cleaning of the plain and glazed equip- 
ment which is also acid-proof and 
impermeable, fitted with porcelain 
reaction bowls or glasses on corrosion- 
proof porcelain supports; and (e) no 
splashing of acid outside during the 
work, since the hood is perfectly closed 
and overflowing chemicals are collected 
in the drawer. CPE 1083 


Cyclopentanone 


Cyclopentanone has been produced 
on a commercial scale by Price’s 
(Bromborough) Ltd. It is a versatile 
starting material of potential interest 
for a wide variety of applications, par- 
ticularly in the field of synthetic per- 
fumery and flavouring materials. It is 
claimed to have uses as an insecticide, 
as a shrinking agent for stretched 


cellulose acetate rayon, in wool dyes, 
to be interchangeable with acetone and 
cyclohexanone in a very large number 
of condensation reactions and to have 
special solvent properties for several 
types of polymer, particularly PVC. 
Cyclopentanone is available in alu- 
minium containers of from | to 420 lb. 
capacity. CPE 1084 


Rotary driers 


Removal of free moisture from bulk 
materials is achieved by thermal 
methods in the Ruggles-Coles rotary 
driers, of which there are seven dis- 
tinct types catering for the varying 


-methods needed to achieve dryness 


without chemical change. Direct, 
indirect and direct-indirect heating 
methods are employed. The shells 
are of welded or riveted plate in mild, 
firebox or copper-bearing steels, alu- 
minium, Monel, nickel or stainless clad 
steels. Two tyres are rigidly attached 


to the shell. 

All the driers are driven by spur 
gearing and have either gravity feed 
or screw feed arrangements, depend- 
ing on the material to be handled. 


The driers are generally equipped with 
exhaust fans. Furnaces can be fired 
by coal, wood, oil, or gas, and auto- 
matic temperature recording and con- 
trol systems are optional. 

Internal arrangements vary con- 
siderably according to model and the 
method of heating. One model, the 
XA, consists of two concentric cylin- 
ders with the discharge end set lower 
than the feed end. The hot gases 
from the furnace pass down the inner 
tube and return between the inner 
and outer shells. 

Further information can be obtained 
from Head Wrightson Stockton Forge 
Ltd. or by using the reply-paid card. 

CPE 1085 
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Package level unit 


For level measurement involving a 
purge system the Electroflo level pack- 
age unit interconnects the standard 

‘ purge pneumerstat, miniature trans- 
mitter and air set into a small panel, 
the gland plate of which terminates 
in three connections for air supply, 
input from dip tube and level signal 
output. 

For quickly fluctuating levels where 
remote and continuous measurement 
is required, the system incorporates a 
locally mounted transmitter having a 
boosted output. It may be adapted to 
automatic control by using standard 
air-operated controllers. The package 
unit design reduces the installation of 
piping on the site. CPE 1086 


One-piece polythene moulding 


The latest addition to the Black 
Knight range of plastic products, pro- 
prietors Tool Treatments (Chemicals) 
Ltd., is a 13-gal. polythene container 
with fitted all-plastic tap. The body 
is specially reinforced and threaded so 
that the tap can be screwed in to give 
a perfect, liquid-tight fitting. 

Another feature is the screw-cap lid 
which is claimed to give perfect seal- 
ing, while there is also an anti-splash 
rebate inside the lid making the con- 
tainer the safest method of storing the 
transporting corrosive liquids. 

CPE 1087 


Distillation unit for 
inflammable solvents 


Almost negligible running costs are 
claimed to be a feature of a new distil- 
lation unit for connection to any 
steamline, saturated or superheated, 
and feeding the exhaust steam back to 
a heating system, washing plant or 
auxiliary machine. The unit com- 
prises a well-insulated distilling cham- 
ber of 44 gal. capacity with a water- 
cooled condenser, and can be fitted 
with either a manual or automatic 
temperature regulator. 

The unit is claimed to be simple 
and safe to operate when used for the 
removal of oils, greases, pigments and 
other dissolved impurities from white 
spirits and solvents such as turpentine 
wash kerosene, nitrosolvents, trichlor- 
ethylene, etc. All solvents with a 
boiling point under 140°C. can be 
distilled by the use of saturated steam 
at 45 p.s.i.g. Liquids with a boiling 
point higher than 140° require super- 
heated steam. 

The standard unit is also available 
fitted with electrical heating elements 
and automatic temperature control. 
A smaller model is electrically heated 
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Level measurement unit. 





and has a capacity of 6} gal. Suitable 
for liquids having a boiling point 
ranging from 40 to 200°C., it incor- 
porates a three-stage heating element 
and a thermostat which controls the 
heat and automatically switches off 
the supply when the spirit has been 
distilled. Liquid Systems Ltd. are the 
suppliers. CPE 1088 





IN CASE YOU 
MISSED THEM... 


Items described in previous 
issues this year are listed on 
pages 463 and 464. Use the 
reply-paid card to obtain 
further details. 











Easy-to-use 
chemical-resistant paints 


Ease of application is a feature 
claimed for a new range of chlorinated 
rubber paints, Avigel 250, which are 
stated to be no more trouble to use 
than oil paints but give full chemical 
and water resistance. Makers are Cor- 
rosion Ltd. CPE 1089 


Heavy-duty valves 


Martonair Ltd. have introduced a 
new series of pneumatic control valves 
which are claimed to be suitable for 
heavy duty in all industries and are 
made in both three-port and five-port 
form, in 4, } and 1-in. B.S.P. sizes. 

‘ CPE 1090 


Ceramic-to-metal seals 


Originally developed to overcome 
the limits imposed upon radio valve 
performance by the use of conven- 
tional glass-to-metal seals, Ferranti 
ceramic-to-metal seals can now be 
used in the chemical and atomic energy 
industries as terminals for vacuum and 
pressure vessels operating at elevated 
and sub-normal temperatures. 

This development stemmed from 
the requirements of the atomic energy 


Another model, having a heat ex- 
change area of 300 sq. ft., has been 
added to the range of long-tube 
graphite heat exchangers introduced 
last year by Powell Duffryn Carbon 
Products Ltd. 


industry for a considerable increase in 
the standard of reliability of seals for 
use as terminals in equipment such as 
atomic particle detectors, etc. Ceramic- 
to-metal seals were found to provide 
a solution to this problem. Alumina- 
type ceramics are well suited to vacuum 
and pressure-vessel applications on the 
grounds of mechanical strength, low 
thermal shock and high melting point. 

CPE 1091 


Graphite block heat exchanger 


There are now 30 standard models 
in the range covering heat-exchange 
areas of from 4 to 300 sq. ft. and 
special constructions in graphite are 
undertaken by the company for specific 
applications. CPE 1092 


Atomisation 


Spray nozzles of a variety of types 
are offered by Ascog Ltd. for the 
atomisation of water or other fluids. 
There is, for example, the Lechler 
eccentric sprayer which, simply con- 
structed and involving no moving 
parts or insets, will not clog even 
when the sprayed liquid contains sub- 
stantial particles. Another type, the 
spiral sprayer, can be connected to 
any fluid pipe working under pressure 
and can be used for steam and gas 


cooling, spray drying, etc. The mul- 
tiple sprayer contains a series of 
nozzles with removable cores to which 
the liquid to be atomised is fed through 
a common connection piece, and this 
type is available in various designs to 
give acute or obtuse angle spray, fine 
or coarse atomisation. 

Numerous other types are available, 
all, with the exception of compressed- 
air nozzles, working under liquid 
pressure. CPE 1093 
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AsorseR and Fractionator Tray 
Design, Progress in,’ 41 
Accident prevention, see Safety 
Acetone: 
aqueous solutions, densities, 231 
in solvent extraction, 154 
U.S. production trends, 288 
Acetylene: 
from hydrocarbons: 
Eastman process, 37 
S.B.A. process, 131, 329 
Northern Ireland project, 23 
production, oxide recovery in, 268 
Achema Exhibition: 
preview, 160-166 
pictorial review, 284 
* Adhesives from Rubber,’ 285 
Air filtration developments, 129 
Alginates industry in Norway, 4 
Alkyl mercaptans, safe handling, 118 
Alumina from coal wastes, 328 
Aluminium: 
applications, new, 83 
bronzes, wrought, 280 
Canadian-Norwegian deal, 378 
Canadian plant, carbon for, 79-81 
Canadian plant, new, 38 
prilling tower, 447 
U.S. projects, 152 
Amines, safe handling, 117 
Ammonia in water, solubility, 325 
Ammonium nitrate as explosive, 111 
Ammonium nitrate plant, U.S.A., 447 
‘Analogue Computers in Chemical 
Engineering,’ : 
Part 1, by G. E. Thomas, 343 
Part 2, by D. S. Terrett, 442 
* Analysis of Three-component Liquid 
Systems,’ by J. R. Bourne, 19 
Anhydrite, world resources, 301 
Argon in welding, research, 82 
Aromatics in U.S.A., 92 
Atomic energy: 
anti-radiation preparations, 192 


chemical production reactors, 339 - 


data handling, Capenhurst, 169 

graphite in, 216 

Harwell ‘ hot lab,’ 39 

hazards, chemical engineering and, 
75 


heavy-water process, new, 341 


linear electron accelerator, high- 
energy, 150 

lead as constructicn material, 352 

metals for, 82 

plutonium research, U.S.A., 366 

production of reactor feed ma- 
terials, U.S.A., 185 






CHEMICAL & PROCESS ENGINEERING, December 1958 


Atomic energy (contd.) : 
radiation conversion 
methane, 446 
radioisotopes: 
cooling-pond tracers, 237 
glass industry uses, 367 
industrial uses, 237 
Shippingport, U.S.A., reactor, 71, 
393-395 
source of energy, 193 
thermonuclear fusion: 
research, new U.K. site, 379 
research, U.S.A., 329 
Zeta reactor, 77 
Windscale accident findings, 267 
Zero-energy reactor, Hazel, 187 
Atomisation research, 391 
Australia: 
industrial production, 147 
plastics industry, 101 
Automatic control: 
Sir Christopher Hinton’s 
ments, 235 
Russian tyre factory, 383 
See also under ‘ Instrumentation’ 


of coal to 


com- 


Benzote refining, acid recovery in, 
170-171 
‘Board Mill, World’s Newest,’ 244 
‘Boiler Feedwater Treatment,’ by 
P. Hamer, 319 
Boilers, current developments, 10-11 
Books REVIEWED: 2 
“Chemical Reaction Engineering,’ 
176 
‘Engineering Properties and Ap- 
plications of Plastics,’ by G. F. 
Kinney, 326 
* Glass Reinforced Plastics,’ 176 
‘ Industrial Chemicals,’ by W. L. 
Faith, D. B. Keyes and R. L. 
Clark, 176 
‘Organic Chemistry,’ by L. F. 
and M. Fieser, 63 
‘Phenolic Resin Chemistry,’ by 
N. J. L. Megson, 326 
‘Phosphorus and Fluorine,’ by 
B. C. Saunders, 47 
‘Physico-chemical Effects of 
Pressure,’ by S. D. Hamann, 63 
‘Proceedings of the Joint Sym- 
posium on the Scaling-up of 
Chemical Plant and Processes,’ 
326 
‘Riihren, Betriebstechnik’ (Me- 
chanical Stirring Methods and 
Equipment), by F. Kneule, 14 





Books REVIEWED (contd.) : 

‘ The Physical Chemistry of Elec- 
trolytic Solutions,’ by H. S. 
Harned and B. B. Owen, 326 

‘Thermodynamics for Chemical 
Engineers, by H. C. Weber 
and H. P. Meissner, 176 

‘ British Petrochemical Developments,’ 
by T. H. H. Skeet, 87 

Bubble-cap trays, 41-47 

Bursting discs, carbon and graphite, 123 

Butadiene, rail transport idea, 119 


Catcium carbide project, North- 
ern Ireland, 23 

Calcium oxide recovery in acetylene 
production, 268 

Canada, chemical engineering in, 132- 
135 

‘Carbon and Graphite in Industry,’ 
by M. S. T. Price, 213 

‘Carbon for Aluminium Smelting, 
Mechanised Production of,’ 79 

Carbon: 

metallurgical uses, 384 

production, short-time, 38 
Carbon black industry, 38 
Carbon dioxide in welding, research, 82 
Carbon dioxide recovery, 269-273 
Caustic soda: 

Canadian plant, new, 62 
Cellulose, chemically modified, 349 
Cellulose triacetate, 323 
Cement, non-wettable, 102 
Centrifuging: 

de Laval separator, history, 302 

laboratory machines, 252 
‘ Chemical and Engineering Advances,’ 

287 
Chemical and Petroleum Engineering 
Exhibition: 

preview, 195-212 

review, 252-257 
Chemical engineering: 

economics, 437-441 

See also under ‘ Cost Data’ 

research, recent British, 287 

training: 

British needs, 149 

laboratories for, 424 

need for industrial support, 
381 

new Manchester building, 236 

postgraduate, in industry, 381 

South African centre, 378 

university teaching (corre- 
spondence), 61, 136 

U.S.S.R., 339 


*‘ Chemical Engineering and Fire Pre- 
vention,’ 120 
‘ Chemical Engineering and the Quest 
for Abundant Power,’ by J. A. Oriel, 
193 
* Chemical Engineering Applications of 
Titanium,’ by B. J. Connolly, 247 
* Chemical Engineering for a Pressur- 
ised-water Nuclear Reactor,’ by F. R. 
Paulsen, 393 
‘ Chemical Engineering in Canada,’ by 
C. A. Law, 132 
Chemical industry: 
British, chemical engineers in, 381 
British, productivity of, 295 
Europe, survey, 37 
European production, 416 
Poland, 342 
Western Germany, 330 
Chemical plant: 
British export achievements, 235 
costs, see ‘ Cost Data’ 
depreciation charges, 94 
delivery dates, U.K., 421 
design, work study and, 96-98 
industry, chemical industry co- 
operation for, 189 
projects, organisation of, 265 
safe design and operation, 113-114 
‘Chemical Plant Management, The 
Art of,’ by F. Roberts, 12, 93 
‘Chemical Plant on Show in Ger- 
many,’ 160 
Chemical research, British change of 
organisation, 265 
Chemical structures, computer checks, 
268 
Chemicals : 
containers for, 76, 151 
from gas works, 190 
from nuclear reactors, 339 
transport: 
bulk containers, new, 151 
butadiene tanker, 119 
road, problems of, 266 
* Chemicals, Plastics and Rubber from 
Petroleum at Fawley,’ 91 
China: 
chemical and allied projects, 101, 
334, 378, 451 
chemical and petroleum industries, 
149 
chemical fertiliser industry, 101 
* Chlor-Alkali Plant for Canada, Big 
New,’ 62 
Chlorine: 
British plant, new, 299, 411-413 
Canadian plant, new, 62 
German production, 382 
‘Chlorine for Tetraethyl Lead,’ 411 
Coal: 
carbonisation developments, U.K., 
308-310 
conversion to methane, 446 
preparation, terminology, 3 
supplies and gas manufacture, 308 
wastes, alumina from, 328 
Coke quenching, dry, 341 
Composting, mechanised, 40 
Computer checks chemical structures, 
268 
Computers in chemical engineering, 
343-346, 423, 442-445 
Coolers, lead construction, 352 
Cooling ponds, isotope tracer tech- 
nique, 237 


460 


‘ Copolymers, New Capacity for,’ 53 
“CO, Removal and Recovery,’ by 
T. W. Sharp, 269 
Corrosion: 
boiler, 320 
Exhibition, 1959, plans, 453 
in water-circulation systems, 288 
metallurgical research, 85 
nuclear reactor, pressurised-water, 
393 
protective coatings for plant, 15-18 
See also under names of various 
metals 
Cost Data: 
for mild-steel drums with domed 
ends, 167-169 
monthly index figures for chemical 
process equipment costs and 
chemical plant construction 
costs, 36, 69, 95, 145, 168, 218, 
258, 297, 330, 366, 410, 440 
need for more (comment), 421 
summary of 1957 trends, 95 


Dotomirte production, South 
Africa, 146 
Drums, mild-steel, costs, 167 
‘ Drying,’ by W. F. Calus, 389 
Drying: 
and incubation, laboratory, 252 
fluidised driers, 236 
fuel economy in fertiliser plant, 169 
Dust sampling development, 236 
Distillation: 
automatic control of, 282 
packings, review, 239-243 
pall rings, 274-276 
sea-water, 55-58, 384 
tray designs, 41-47 
Ducting, lead, 352 


EsonirE in chemical plant, 49 
Effluent: 
analysis methods, 300 
British research, 191 
disposal in Germany, 3 
radioactive, at Shippingport, U.S., 
nuclear reactor, 394 
Electricity: 
fire hazards, 123 
from thermal energy, 151 
in chemical works, 75 
static, hazards, 122 
‘Electrolytic Polishing of Stainless 
Steel,’ by P. F. McKinney, 59 
Energy, new sources, 193-194 
‘Estimation of Gaseous Densities,’ by 
M. V. Kunte and L. K. Doraiswamy, 
157 
Ethylene: 
compressibility factor, 449 
Grangemouth plant, new, 433 
production, S.B.A. process, 131 
‘ Evaporation,’ by J. M. Coulson, 429 
Evaporation: 
pioneers, 424 
plates instead of tubes, 279 
sea- water distillation develop - 
ments, 57, 384 
submerged, 425-428 
Explosives: 
ammonium nitrate as, 111 





Fars and oil technology, review, 
153-156 
Fatty acids production, 156 
Fertiliser : 
from refuse, 40 
phosphate deposits, U.S.A., 70 
Fibres, synthetic: 
chemicals and, 40 
Teron project in U.S.A., 384 
‘ Filtration,’ by H. K. Suttle, 125 
Filtration: 
automatic control of leaf filters, 77 
nylon filter cloths, 355 
Fire vents, automatic, 2 
Flow processes, models for studying, 
423 
Fluorides, safe handling, 117 
Foam, synthetic, rubber-like, 187 
Food fats and nutrition, 155 
Fork-lift truck developments, 314-315 
Fractionator tray design, 41-47 
Fuel economy: 
fertiliser plant, 169 
textile factory, 280 
Fuel Efficiency Exhibition, 356-359 


Gatiium recovery process, new, 
184 
Gas: 
carbon dioxide recovery, 269-273 
filtration developments, 129 
in agitated liquid, rate of solution, 
287 


methane from coal, 446 
natural, in gas industry, 310 
sampling development, 236 
Gaseous densities, calculation of, 157- 
159 


‘Gas -heated Plant for Insecticide 
Manufacture,’ 172 
Gas industry: 
by-products from, 190 
complete gasification projects, 


Britain, 109 
natural gas importation, 24-26 
oil gas in East Anglia, 34 
Romford refinery-gas project, 76 
Scottish progress, 36 
Shell gasification process, 61 
underground gasification, Russia, 


39 
‘Gas Manufacture, The Changing 
Pattern of, by A. R. Myhill, 308, 
396 


‘Gas Turbines as Prime Movers in 
the Chemical Industry,’ 7 

Germany, Western: 

chemical turnover, 330 

chlorine production, 382 
Glass: 

industry, radioisotopes in, 367 

pipeline, 403-405 

waste lines for laboratory, 78 
Glycerine, synthetic, new plant, 260 
Gold from cyanide solution, 348 
Granule formation, mechanism of, 173 
Graphite in industry, 213-217 
Gypsum, world resources, 301 


‘6 
Hear Exchangers,’ survey, 277- 


Indian project, 451 280 
‘Extinguishing Chemical Fires, Heat transfer: : 
Modern Trends in,’ 124 British research, 277 = 
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Heat transfer (contd.) : 
carbon and graphite in, 216 
in drying, research, 391 


Heating: 
high-temperature hot-water, 353- 
355 
high-temperature system, Ber - 
trams, 5-6 


plant, fire hazards, 122 
Heavy water production, new British 
method, 341 
* High-temperature Heating, High Effi- 
ciency in,’ 5 
* High-temperature Hot-water Heating 
for Industrial Processes,’ by L. 
Walter, 353 
* How Granules are Formed,’ 173 
Hydro-cracking in Hungary, 340 
Hydrocarbons, solubility of water in, 99 
Hydrogen peroxide plant, new, 423 
Hydrogenation in gas manufacture, 396 


Inv1a: 
Institute of Technology, 327 
Insecticide manufacture, gas-heated 
plant, 172 


‘Instrumentation of a Chemical Pro- 
cess,’ by A. Pollard, 281 
Instrumentation: 
accurate liquid control, 360-362 
chlorine plant, 412 
process control by x-rays, 346 
research needs, 422 
Sir Christopher Hinton’s com- 
ments, 235 
Inventions, prizes for, 150 
Iodine, safe handling, 119 
‘Ton Exchange,’ by D. A. Everest, 347 
Ion exchange: 
fibres, producing energy, 111 
resins in molasses processing, 300 
separation of rare earths, 287 
Iridium for crucibles, 297 
Iron, sponge, new process, 382 
Isotopes, see ‘ Atomic energy’ 
Israel, chemical engineering in, 421 


Jorpan potash project, 102 
K INETICS, reactor for studying, 423 


LasoraTory operations, 
mechanisation, 251 

‘Lagging Improvements in a Heavy 
Chemical Works,’ by R. A. Duck- 
worth, 402 

Latex, bulk, handling of, 53 

‘Lead as a Material of Construction 
for Chemical Plant,’ by J. G. Open- 
shaw, 350 

Lead smelting process, new, 238 

Leaf filter controller, 77 

Level measurement, electronic, 131 

Lignin research discovery, 187 

Lignine as fuel, 334 

Lignites, uranium from, 318 

Linear accelerator, 4 

Linoleum manufacture, heat exchanger 
for, 279 

* Liquid Control, Accurate,’ by H. G. 
Davis, 360 





Liquid/gas separation unit, instru- 
mentation of, 282 
Liquid systems, three - component, 


analysis, 19-22 
Liquids, agitated, rate of solution of 
gas, 287 
Lithium chloride, aqueous solution: 
densities, 143 
vapour pressures, 175 
viscosities, 415 
* £s.d. of Chemical Engineering,’ 437 
Lurgi process, 396-397 


Macnesia from sea-water, 388 
Magnesium, applications, new, 83 
Maintenance, chemical works, 93 
Manchester chemical engineering buid- 
ing, 236 
Mass transfer in drying research, 391 
Match factory, new, 266 
Materials handling: 
conveyor developments, 316-317 
general problems, 299 
mechanical handling, 314-315 
pneumatic handling, 311-313 
‘ Mechanical Handling in the Chemical 
and Allied Industries,’ by F. T. Day, 
314 
Mechanical work from chemical reac- 
tions, 111 
‘ Mechanisation of Laboratory Opera- 
tions,’ 251 
Metal locator, magnetic, 301 
Metallurgical engineering building, new 
U.S., 447 
‘ Metallurgy,’ by H. A. Holden, 82 
Metallurgy, extraction, carbon in, 384 
Metals from cyanide solution, 348 
Methanol detector, 115 
Microscope, high-temperature, 77 
Middle East industries, encouraging, 
190 
* Mixing Granular Solids, Selection of 
Plant for,’ by H. Bannister, 385 
Mixing: 
laboratory, 252 
paste for carbon production, 80 
Models, scale : 
in chemical plant design, 97 
in materials-handling planning, 299 
U.S. refinery unit, 185 
Molasses processing, ion-exchange, 300 
Molybdenum siliconisation, calculation, 
293 


‘'N 
ATURAL Gas, Problems of Im- 
porting,’ by A. R. Myhill, 24 
Nickel: 
production and consumption trends, 
64 


refining process, new, 111 
Nitrogen production economics, 1 
Nitroglycerine plant remote-controlled, 

35 
NoMmoGraMs, by D. S. Davis: 

‘Compressibility Factor for Ethy- 
lene,’ 449 

‘Densities of Aqueous Lithium 
Chloride,’ 143 

‘Densities of Aqueous Solutions 
of Acetone,’ 231 

‘Densities of the System: Zinc 
Chloride — Zinc Sulphate — 
Water,’ 259 
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NOMOGRAMS (contd.): 
‘ Siliconising of Molybdenum,’ 293 
* Solubility of Ammonia in Water,’ 


325 

* Solubility of Water in Hydro- 
carbons, 99 

‘Vapour Pressure of Aqueous 


Lithium Chloride,’ 175 

* Viscosities of Aqueous Solutions 
of Lithium Chloride,’ 415 

‘Viscosity of Aqueous Sodium 
Chloride Solutions,’ 27 

‘Viscosity of Liquid Sulphur Di- 
oxide,’ 367 

Nylon filters for sludge, 355 


On additives laboratory, new, 294 

Oil-from-coal plant construction prob- 
lems, 1 

* Oils and Fats Technology,’ by M. K. 
Schwitzer, 153 

Opacity recorder, photo-electric, 237 

Oxygen enrichment and steel produc- 
tivity, 238 


PackacING chemicals, 76 
‘Packed Fractionating Columns,’ by 
S. R. M. Ellis and J. Varjavandi, 239 
Painting in chemical works, 15-18 
‘Pall Rings and Packed Towers,’ by 
R. Hammond, 274 
Paper: 
automatic control of Swedish plant, 
board mill, big new, 244-245 
from esparto, new process, 110 
processes, new, Canada, i135 


Penicillin production improvements, 
Yugoslavia, 265 
Petroleum: 
chemical engineering and, 194 
chemicals: 


and aromatics in U.S.A., 92 
British expansion, 87 
Canadian project, 92 
European industry, 86, 301 
Fawley projects, 91-92 
Grangemouth plant, new, 433 
gases in gas manufacture, 310 
refining: 
Udex unit, Stanlow, 34 


New Jersey power station 

water treatment arrange- 

ment, 363 
‘Pharmaceutical Plant for Britain, 
New,’ 229 


Phenol from cumene, 2 
Phosphate rock deposits, U.S.A., 70 
Phosphoric acid reduction of uranium, 
365-366 
‘ Photographic Film Base, Manufacture 
of,’ 323 
‘ Pipeline in Glass,’ by J. McN. Bruce, 
403 
‘Pipeline Systems, Factors in the 
Design of,’ by A. E. Crisp and 
P. W. Hesselgrave, 399 
‘Pipeline Welding Techniques,’ by P. 
Trippe, 406 
Pipes: 
design of pipework, 97 
lagging in heavy-chemical works, 
402 






461 


Pipes (contd.) : 
protection of, 17 
polythene, U.S.A. installation, 184 
rubber lining, 49 
Plastics: 
aesthetic design in, 340 
Australian output, 101 
Hong Kong resins project, 447 
polythene pipe system, U.S.A., 184 
polythene project, Fawley, 91 
polythene project, Netherlands, 73 
Spanish industry, 151 
‘Pneumatic Handling of Bulk Ma- 
terials,’ by W. Farnworth, 311 
Poland: 
chemical expansion, 342 
sulphur projects, 23 
Polymers, phosphonitrilic, 342 
Portugal: 
fertiliser production, 74 
uranium production, 334 
Potash: 
Israel production, 76 
technical aid for Jordan, 265 
Potassium chloride from sea bittern, 302 
Precipitators, lead construction, 350 
Prilling tower, aluminium, 447 
‘ Protection of Plant and Equipment in 
the Petroleum and Chemical In- 
dustries,’ by H. B. Footner, 15 
Pumping: 
laboratory, 251 
liquids, 360 
Meader pump, 400 


Rapioactive laboratory, new, 39 
Radioisotopes, see ‘ Atomic energy’ 
Rare earths separation, ion-exchange, 
287 
* Recovery of Waste Acid from Benzole 
Refining Plants,’ 170 

Rice production, chemical aids, 333 
Ripple trays, 47 
Road transport of chemicals, 151, 266 
‘ Rubber in Chemical Engineering,’ 48 
Rubber, natural: 

latex, handling, 53 

adhesives from, 285 

skim rubber production, 191 
Rubber: 

waste, utilisation, 51-52 
Rubber, synthetic: 

adhesives from, 285 

elastomers research laboratory, 250 

foam, new rubber-like, 187 

French project, 378 

German plans, 146 

Hythe, U.K., plant, 92, 383, 434- 

436 

microcellular, 35 

Natsyn, 184 

Netherlands project, 54 

new Esso polymer, 184 

styrene-butadiene copolymers, 53- 

54 

world projects, 422 
Rumanian chemical production, 383 
Russia, see U.S.S.R. 
Russian literature, translation of, 2 


6 
Sare Design and Operation of 
Chemical Plants,’ by E. W. Jackson, 
113 


462 


‘Safety in a Modern Chemical Fac- 
tory,’ by R. D. Bromley, 114 
* Safety in the Use of Chemicals,’ by 
H. Allen, 117 
Safety: 
anti-radiation preparations, 192 
chemical works, organisation, 94 
colour code for factories, 136 
dust explosions, prevention, 121 
firefighting in chemical works, 124 
flammable liquids, handling, 121 
in chlorine plant, 412 
in match factory, 266 
nuclear hazards and chemical en- 
gineering, 75 
static electricity hazards, 122 
warning labels for chemicals, 185 
* Sasol’ plant construction problems, 1 
Scale prevention in boilers, 319 
Science in the U.S.S.R., 109 
Science teaching, university (corre- 
spondence), 61, 136 
Scientific research in Britain, 189 
* Sea-water Distillation, New Paths in,’ 
by A. E. Williams, 55 
Sea-water distillation, new still, 384 
Sea-water, magnesia from, 389 
Seaweed industry, Norway, 4 
Selenium from nickel process, 111 
* Shell Gasification Process,’ 61 
Siliconising of molybdenum, 293 
Silver-plating process, bright, 294 
* Size Reduction,’ by R. V. Riley, 219 
Size reduction laboratory, 252 
Soda ash, Netherlands factory, 3 
Sodium chloride, viscosity of aqueous 
solutions, 27 
Solvent extraction using acetone, 154 
South African water supplies law, 147 
Spain, plastics industry, 151 
Spectrometer, multi-channel, 78 
Stainless steel developments, 84 
Stainless steel, electrolytic polishing, 59 
‘ Steam Raising, New Trends in,’ 10 
‘ Steam Traps,’ by E. W. Jackson, 303 
Steel-making, oxygen enrichment in, 
238 
Steels, special, welding of, 409 
Stickwater, submerged evaporation, 426 
‘Submerged Evaporation,’ by G. A. 
Carpenter, 425 
Sugar esters, 60 
Sugar, waste, recovery, 379 
Sulphur: 
desulphurising and sulphuric acid 
plant, combined, 189 
from nickel process, 111 
from sewage sludge, 287 
Lacq natural-gas project, 149 
mining, offshore, 297 
Polish deposits, 23, 296 
Sulphur dioxide, viscosity, 367 
Sulphuric acid: 
and desulphurising plant, com- 
bined, 189 
Grimsby plant, new, 448 
plant, contact, improved conver- 
sion, 422 
recovery, benzole refining, 170-171 
Sweden, iron and steel industry, 36 
Swinburne, Sir James, centenary, 112 
Switzerland, chemical exports, 146 


Tecunica aid for under- 
developed countries, 265 


Technical aid, small firms’ needs, 266 
Temperature analysis, infra-red, 152 
Thermionic converter, 151 


Thermonuclear developments, see 
* Atomic energy’ 
Thorium recovery: 
from liquors (research), 287 
project, full-scale, 294 
Tin alloys, research, 84 
Tin research, 145 
Titanium: 
anodically protected, 190 
chemical engineering applications, 
247-250 
melting, 150 
metal from titanic chloride, 328 
wrought, new I.C.I. plant, 246-247 
Tube remover, quick, 217 
Tyre factory, Russian, monitoring of, 
383 


Ussr. 


chemical engineers, 339 

scientific education, 109 

scientific literature, translation of, 2 
underground gasification, 39 


Underdeveloped countries, technical 
aid for, 265 
University science teaching (corre- 


spondence), 61, 136 
‘Uranium from Lignites, Recovering,’ 
by A. Hegarty, 318 


‘* Uranium Reduction in Phosphoric 


Acid,’ by A. Flaschenberg, J. Lavi 
and J. Tulipman, 365 


Vatves: 
automatic control, 362 
for glass pipeline, 404 
gate, alloy, 364 
main-line, choice of, 401 
plug, 4 
titanium, 248 


“WwW 
ASTE Rubber, The Utilisation 
of,’ by W. E. Stafford, 51 
‘Water Treatment, Large-scale,’ by 
J. Grindrod, 363 
Water desalting: 
distillation processes, 55-58, 384 
electrodialytic, 38 
South African research, 64 
Water softening, boilers, 320 
Welding: 
developments, 82 
pipeline, 406-410 
* piping ’ problem reduced, 332 
pressure vessels, 110 
* Work Study in the Design of Chemical 
Plants,’ by E. H. Salisbury, 96 
Works organisation, planning, 12-14 


X-rays in process control, 346 


Zinc alloy, new, 84 

Zinc and lead smelting, 238 

Zinc chloride—zinc sulphate—water 
system, densities of, 259 

Zirconium, research on properties, 82 


CHEMICAL & PROCESS ENGINEERING, December 1958 





aA 


NLRB ET 





Bae 





EER 





Allen, H., ‘Safety in the Use of 
Chemicals,’ 117 

Bannister, H., ‘ Selection of Plant for 
Mixing Granular Solids,’ 385 

Bourne, J. R., ‘ The Analysis of Three- 
component Liquid Systems,’ 19 

Bromley, R. D., ‘ Safety in a Modern 
Chemical Factory,’ 114 

Bruce, J. McN., ‘ Pipeline in Glass,’ 403 

Calus, W. F., ‘ Drying,’ 389 

Carpenter, G. A., ‘ Submerged Evapo- 
ration,’ 425 

Connolly, B. J., ‘ Chemical Engineering 
Applications of Titanium,’ 247 

Coulson, Prof. J. M., ‘ Evaporation,’ 429 

Crisp, A. E., ‘ Factors in the Design of 
Pipeline Systems,’ 399 

Davis, D. S., see ‘ Nomograms’ 

Davis, H. G., ‘ Accurate Liquid Con- 
trol,’ 360 

Day, F. T., ‘ Mechanical Handling in 
the Chemical and Allied Industries,’ 
314 

Doraiswamy, L. K., ‘ Estimation of 
Gaseous Densities,’ 157 


Duckworth, R. A., ‘ Lagging Improve- 


ments in a Heavy Chemical Works,’ 
402 

Ellis, S. R. M., 
Columns,’ 239 

Everest, D. A., ‘ Ion Exchange,’ 347 

Farnworth, W., ‘ Pneumatic Handling 
of Bulk Materials,’ 311 

Flaschenberg, A., ‘ Reduction of Ura- 
nium in Phosphoric Acid,’ 365 

Footner, H. B., ‘ Protection of Plant 
and Equipment in the Petroleum and 
Chemical Industries,’ 15 

Grindrod, J., ‘ Large - scale 
Treatment,’ 363 

Hamer, P., ‘ Boiler Feedwater Treat- 
ment,’ 319 

Hammond, R., ‘ Pall Rings and Packed 
Towers,’ 274 

Hegarty, A., ‘Recovering Uranium 
from Lignites,’ 318 

Heselgrave, P. W., ‘ Factors in the 
Design of Pipeline Systems,’ 399 

Holden, H. A., ‘ Metallurgy,’ 82 

Jackson, E. W.: 

‘Safe Design and Operation of 
Chemical Plants,’ 113 
‘ Steam Traps,’ 303 

Kunte, M. V., ‘ Estimation of Gaseous 
Densities,’ 157 

Lavi, J., ‘Reduction of Uranium in 
Phosphoric Acid,’ 365 

Law, C. A., ‘ Chemical Engineering in 
Canada,’ 132 


‘ Packed Fractionating 


Water 


McKinney, P. F., ‘ Electrolytic Polish- 


ing of Stainless Steel,’ 59 
Myhill, A. R.: 
‘Problems of Importing Natural 
Gas,’ 24 
‘The Changing Pattern of Gas 
Manufacture,’ 308, 396 
Openshaw, J. G., ‘ Lead as a Material 
of Construction for Chemical Plant,’ 
350 
Oriel, John A., ‘ Chemical Engineering 
and the Quest for Abundant Power,’ 
193 


CHEMICAL & PROCESS ENGINEERING, December 1958 





AUTHOR INDEX 


Paulsen, F. R., ‘ Chemical Engineering 
for a Pressurised-water Nuclear Re- 
actor,’ 393 

Pollard, A., ‘Instrumentation of a 
Chemical Process,’ 281 

Price, M. S. T., ‘ Carbon and Graphite 
in Industry,’ 213 

Riley, R. V., ‘ Size Reduction,’ 219 

Roberts, F., ‘The Art of Chemical 
Plant Management,’ 12, 93 

Salisbury, E. H., ‘ Work Study in the 
Design of Chemical Plants,’ 96 

Schwitzer, M. K., ‘Oils and Fats 
Technology,’ 153 

Sharp, T. W., ‘CO, Removal and Re- 
covery,’ 269 





Skeet, T. H. H., ‘ British Petrochemical 
Developments,’ 87 

Stafford, W. E., ‘ The Utilisation of 
Waste Rubber,’ 51 

Suttle, H. K., ‘ Filtration,’ 125 

Terrett, D. S , ‘ Analogue Computers 
in Chemical Engineering,’ Part 2, 442 

Thomas, G. E., ‘ Analogue Computers 
in Chemical Engineering,’ Part 1, 343 

Trippe, P., ‘ Pipeline Welding Tech- 
niques,’ 406 

Tulipman, J., ‘ Reduction of Uranium 
in Phosphoric Acid,’ 365 

Varjavandi, J., ‘ Packed Fractionating 
Columns,’ 239 

Walter, L., ‘ High-temperature Hot- 
water Heating for Industrial Pro- 
cesses,’ 353 

Williams, A. E., ‘ New Paths in Sea- 
water Distillation,’ 55 





PLANT, EQUIPMENT, 
MATERIALS AND PROCESSES 


Index, January to November inclusive 


Note that in this case the CPE Enquiry Bureau number, 
and not the page number, is given. 


CPE 

Absorbers, distributor head for 
.(U.S.A.) ~. B87 
Acetylene cylinder filler (WU. S.A.) 941 
Acetylene generator (U.S.A.) .. 890 

Activated carbon, moulded 
(U.S.A.) _ .. 943 
Actuator and power feed units .. 1043 
Air filter, dry-type ie -. S&S 
Alarm panels, automatic -- oe 
Aluminium plate, wide .. « a 
Aluminium silicate av -- 60 
Analyser, automatic ay —— 

Analyser, automatic recording 
(U.S.A.) ae = .. 1000 
Anti-white rust process .. .. 961 
Ball valve, PVC .. i .. 846 
Boilers, water-tube ei .. 1065 
Borides. .. a -. Be 
Boron phosphate . . me ~. Se 
Building framework, plastic .. 979 
Bulk-handling shovels, .. os S23 
Bunker level indicator .. o> Oe 


Cam gear for two-way rotation.. 1029 
Centrifuges for crystal — 904 


Centrifuges, high-speed . 840 
Chemical reactor, induction - ~ 
heated .. 956 
Chromatographic ‘equipment, gas- 
liquid .. ae ~s SF 
Chromatograph, gas i .. 843 
Computing relays a 820 
Control system sets own set point 976 
Control units, oil-tight .. .» Oe 
Conveyor press, automatic .. 968 
Conveyors, en masse ea »» BOS 
Cooling-tower packing, Film Flow 948 
Cooling-tower packing, plastic .. 853 


Corrosion-resistant coatings: 
epoxy paint for tray driers.. 835 


epoxy/pitch, Detel .. .. 1063 
Lanshield Sakaphen. . .. 1062 
metal pretreatment, Fenocote 1027 
steel protection, Glostack .. 825 


See also under ‘ Paint’ 


CPE 
Counter, electronic photocell .. 916 
Counter, Geiger and scintillation 
counter scaling ae + Se 
Crushers and grinders: 
fluid energy mill .. . aoe 
micro hammer mill . .. 848 
‘impact ’ mill 1012 
pulveriser, two-jet (U. S.A. ) 1047 
vibratory fine grinder —« Soe 
Crystallisers, high-vacuum - 
Curing agents, isocyanates —» om 
Deaerator, continuous .. 984 
Dielectric material, high- strength 
(U.S.A.) = .. 945 
Drier and air conditioner . oe 
Drier, dual-adsorber .. .. 849 
Drive coupling, electro-magnetic 1056 
Drum storage unit : 991 
Dust and fume sampler, isokinetic 1030 
Ebulliometer ze a » 1033 
Electric motors: 
flameproof .. ra -. OO 
fractional h.p. 954 
power fertiliser- handling 
machinery ; 1032 
Evaporator, low-temperature .. 1066 
Fans, PVC moulded ia oe eal 
Filter units, porous ceramic .. 880 
Filter material, silica .. 892 
Flame - cutting, computer - con- 
trolled .. Ae o. oe 
Flame failure control .. .. 897 
Flame failure control, semi- or 
fully automatic + 
Flasks, conical, polythene o> San 
Float switch oe 894 
Floor coating, chemical- resistant 
(U.S.A.) es .. 944 
Flooring, explosion- reducing -- FO 
Flooring, steel .. a oo Mae 
Flow indicator, Telicator .. SB 
Flow indicators, sight .. 3 wre 
Flow failure, alarm at as Sia 
Flow recorder, V-notch . . .. 926 






Flow- ones photometer 
(U.S.A ; 
Flow regulator, Martonair 
Flowmeter, Altoflux induction .. 
Flowmeter, variable-area 
Fork truck, flameproof .. 
a tn columns, random- 
packed . f. ee 
Fume: 
absorber, stoneware 
cabinet, PVC 
extraction fans, plastic 
hoods, giant. . 
suppression process 
washer, capillary 
Furnace, box-type 
Gas detection unit 
Gas scrubbers 
Granulator, pin .. 
Graphic recorder, Duplex 
Graphite lining for vessels 
Heat-exchange — Tube-in- 
Strip a ae 
Heat exchangers: 
floating-head (U.S.A.) 
graphite, plate-type (U.S. A. \) 
helical-tube .. 
hollow screw conveyor 
high-temperature heating 
plants ‘ 
plating, rev and ‘anodis- 
ing (U.S ? 
rotary 
Turbofin ae 
Heater unit for portable ‘blowers 
Heater zones monitor 
Heating mantle laboratory 
Hose: 
coupling 8 
flexible, for corrosives 
hosepipe assembly vice 
hydraulic, PTFE 
Hydraulic power packs .. 
Hydrocyclone, liquid- -solid, 
laboratory 
Hydro-scavenger, " self-powered.. . 
Hygrometer, electrolytic ; 
Infra-red analysis pressure cell 
(U.S.A a 
Infra- red | source (U. S.A. ) 
Inspection kit, industrial 
Iron extractor, magnetic 
Isosebacic acid 
Lead alloy 
Leak detector, mass- spectrometer 
Level: 
control: 
central, system. . 
me or and 
(U.S.A.) 
* probe ’ paddle (U. S. A. ) 
indicator: 
alternative probes 
double-diaphragm 
liquid: 
control and flow alarm 
transmitter, force- 
balance 
Liquid controls, batch and cycling 
Low-resistance testing set 
Machinery stoppage alarm 
Manometer, versatile 
Materials handling in bulk units 
Melting-point apparatus 
Mercury vapour meter .. 


solids 


464 


CPE 


-+ 1005 
. 1067 


1034 


. 1044 


842 
864 
989 


- 1037 


982 
813 
884 
977 
841 
959 
920 
996 
901 


. 1064 


857 


824 
891 
983 
833 


934 


942 
819 
906 
985 
823 
828 


851 
918 
929 
e8) 


-. 1058 


858 


- 1008 


844 


832 
940 
925 
883 
995 


-. 1040 


865 


863 


939 
1025 


908 


- 1061 


960 


967 
1031 
933 
993 


. 1050 


1024 
938 
971 


CPE 
Metal-spraying gun 951 
Mixers: 
air-operated stirrer . . 
emulsifier, heavy-duty homo- 
genising o. 3 
vibratory shaft . 1039 
viscous materials : 866 
Y-cone blenders . 1017 
Moisture meter, constant- -pres . 
sure. oa a 4 
Molecular still : ‘ 
Molybdenum pentachloride 
(U.S.A.) ; . 1005 
Neon indicating instrument 905 
Nitrogen generator 969 
Nylon compound for extrusion 
(U.S.A.) .. 1046 
Oil expeller : . 1045 
Organofunctional silanes .. eae 
Ovens, industrial tray-loading .. 885 
Oxides, highly dispersed . 1057 
Oxygen plants, transportable 988 
Paint coating for scale chute 910 
Paint, heat-resisting bituminous 917 
Perspex for research apparatus .. 914 
Pilot plant, induction-heating 956 
Pipe: 
coupling, aluminium, com- 
pression (U.S.A.) . 1048 
epoxy-resin/glass laminate... 932 
expansion joint, metal-bel- 
lows ea . 1019 
fittings, polythene 868 
flow calculator ; 1052 
insulation, urethane (U. S. A. ) 1002 
supports, Terylene .. .. 1041 
thermoplastic oo oe 
Pip2line strainers. . . 1014 
Plastic: 
-coated steel. , 872 
corrugated transparent, Cobex 1015 
reinforced, Keeglas .. 957 
tubes cutting device 912 
Plasticiser for resins, NTP . 896 
Plastics granulator . 1026 
Pneumatic control with feedback 899 
Pneumatic recorder, Transcope . 873 
Polystyrene, expanded .. 818 
Polythene containers up to 50 gal. 1038 
Potentiometer transmitter o. mee 
Pressure gauge, differential . 900 
Pressure gauge, plastic-cased . 1049 
Pressure ratio control (U.S.A.) .. 965 
Process timer, split-second 822 
Protective suit, PVC 1035 
PTFE for bearing surfaces 975 
Pumps: 
Archimedean-screw 
centrifugal, recirculation, 
open-impeller 
chemical, Sinus . 919 
corrosives, portable. . . 1020 
rubber-lined centrifugal 
(U.S.A.) .. a .. 1007 
Punched-card control 909 
PVC pastes ‘ . 1036 
PVC welding machine 902 
Radioactive-gas survey 
(U.S.A.) : 1004 
Radiographic inspection service 998 
Radiometers (U.S.A.) 889, 1001 
Recorder chart, flameproof 854 
Refractory material, Zirconite 949 
Refractory protective coating 826 
Refrigerator, portable, U.S.A. .. 847 


913 


973 
875 


861 


999 


meter 


Regenerators for oil, petrol, etc. 
Relay, electronic . . on 
Retaining ring 
Rubber, SP 
Sample divider 
Shot-blasting machine 
Sieve shaker, test 
Signs, printed, long- -life . 
Sink trap, glass a 
Smoke alarm 
Sodium methoxide oe 
Spectrometer, high-resolution .. 
Sprinkler switch alarm .. 
Stainless steel finishing, tools .. 
Stainless steel, soft, tough 
(U.S.A.) ; ; nn 
Stearine, bead form 
Stress-relieving furnace . . 
Sulphur burner <a 
Support system, steel- channel .. 
Surface-active agents, ampho- 
lytic ‘a ‘ ie 
Swivel joint, self-sealing in 
Tank contents gauge, Gilbarco .. 
Tank depth gauge 
Tank lining, plastic 
Tanks, glass , 
Tanks made to measure . 
Television, closed- circuit 
Temperature: 
and pressure controllers 
controller, mercury-actuated 
(U.S.A.) a Aa 
recorder ea 
Thermal insulation material 
Thickness gauge . . 
Tower packings, pall rings 
Trihydric alcohol : 
Tube: 
cleaning, mechanical ; 
cleaning, internal, shot- blast- 
ing. ne - 
monitor, plastics 
PTFE thin-wall_ .. 
Uranium concentrate (U.S.A. ). 
Vacuum argon arc furnace 
Vacuum oven a 
Valves: 
actuator, electric 
butterfly, a 
diaphragm .. 
fluid control, PTFE 
Fluon. 
overriding manual 
for . 
pinch, die-cast a 
polythene and PVC 
rubber, Sala 
safety lock-up 
stop, glandless 
stop, hydraulic 
Vibratory “aoe 
Viscometers : 
Wall-surfacing technique 
Water control: 
chlorination . . ; 
purity control instruments. 


‘control 


907 
860 


946 
994 
915 


-. 1018 
1021 


953 


". 1059 


992 
924 
974 
879 
882 
927 
869 


-. 1060 


834 


867, 874 


testing kit 
Welding: 
automatic arc voltage control 
electrode holder 
package unit. . mr 
Zirconium for control valve com- 
ponents (U.S.A.) 


928 


922 
831 
964 


. 1010 
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